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‘THE ANALYST 


PROCEEDINGS OF THE SOCIETY FOR ANALYTICAL (CHEMISTRY 
Gerald Gordon Amery, A.R.I. A.F.Inst.Pet. ; Arthur Churchman, M.Sc., F.R.I.C.; Michael 
Vyndham George Coldham, M. A., B.Sc. (Oxon. ); Ronald St. John Emery ; George Alexander 
ray; Rodrigo Alberto Guedes de Carvalho, Dr.Chem.Eng. (Porto); John Jordan; Harold | $ 
ugh, M.Sc., A.R.I.C.; Arthur Derek Rudin, B.Sc. (Birm. )s Gaston Albert Stroud; Murray M. 
uckerman Ss. (Yale), B.S. (Temple), Ph.D. (R.P.I.). cos By 


AN < Ordinary Meeting be 7 Section was held at 2.15 p. m. on Saturday, December 5th, 1950, 

at the City Laboratories, Mount Pleasant, Liverpool, 3. TheChairwastakenbytheChairman  __ 

of the Section, Dr. J. R. Edisbury. 

_ The following paper was presented and discussed : “The J Analysis of Cocoa and Chocolate — a 

n Relation: ‘Manufacturing Methods,” Ww. Minifie, and C. | Harris, 


? 


Jornt Meeting of the ‘Scottish Section and the Glasgow a oa West of of the 


Royal College of Science and Technology, Glasgow. _ _ The Chair was taken by the Chairman 
the Scottish Section, Mr. A. N. Harrow, A.H.-W.C., F.R.1.C. 
_ The following paper was presented and | discussed: ‘“Techniques in Radiochemistry for — 
Analysis and Research,” by D. A. Lambie, B. Sc., F.R.L.C. b Te 

Meeting of the Section with the Cardiff District Section o of the Royal 
_ @hstitute of Chemistry and the South Wales Section of the Society of Chemical Industry was _ 
eld at 7 p.m. on Friday, December llth, 1959, in the University College, Cardiff. > a 
vhair was taken by the Chairman of the Western Section, Mr. S. Dixon, M.Sc., F.R.I. ee. 1! 
following paper was presented and discussed: “The Work of the 
by E. D. Henley, B.Sc., F.R.I. C. 
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Ordinary Meeting of the Section was held at 6.30 | p. m. on tine November 12th, 1959, 


in the Mason Theatre, The University, Edmund Street, Birmingham, 3. The Chair was | 


en by the Chairman of the Section, Dr. S. H. Jenkins, F.R.I.C.,F.InstS.P. | 


Of Phenols,” by L. Barker, B.Sc., Ph. 

J AN Ordinary Meeting of the Section was held at 7; p: m. on ietnibes December 9th, 1959, 

‘ cf at the Wolverhampton and Staffordshire College of Technology, Wulfruna Street, Wolver- 
; hampton. The Chair was taken by the Chairman of the Section, Dr. S. H. Jenkins, F.R. .C., 

A discussion on “The Determination of T race e Impurities in Metals” vm opens by 

_B. Bagshawe, A.Met., _and T Elwell, 


Tae t Meeting of the was held at 6. 30 p.m. on 
- > ednesday, December 16th, 1959, in the restaurant room of “‘The Feathers,’’ Tudor Street, 
Lo ndon, E.C.4. The Chair was taken by the ‘Vice-Chairman of the Group, Mr. ¢. ‘Whalley, 
discussion on “Application 
and C. B. Dennis. 


Flask Combustion” was opened by M. Corner, 


‘THe fifteenth 1 General Meeting of the Group was held at 6.30 on 
_ November 24th, 1959, in the meeting room of the Chemical Society, Burlington House, 
- London, W.1. The Chair was taken by the Chairman of the Group, Mr. R. A. C. Isbell, 
Alnst.P. The following appointments were made for the ensuing year:—Chairman—Dr. 


= ‘The following paper was presented and discussed : ““The Identification and Determination 


“blac 
cence 


G. W. C. Milner. Vice-Chairman—Dr. W. Cule-Davies. Hon. Secretary and Treasurer—§" 


Dr. . = Parkinson, Product Research Division, Beecham Foods Ltd., Beecham House, 
_ Great West Road, Brentford, Middlesex. . Members of Committee—Messrs. J. Allen, J. H. 
4 Glover, C. A. Parker, J. W. Price, G. F. Reynolds and J. Sanders. Dr. D. C. Garratt and Mr. 

_C. A. Bassett were re-appointed as Honorary Auditors. 


‘The Annual General Meeting was followed at 6.45 p.m. we the sixty-ninth Ordinary | 


Matte of the Group. Dr. G. W. C. Milner, F.R.LC., A. Inst. Wee was in the Chair and a 


Chairman, R. R. ALC. Isbell, A. Inst. 


— 
“a 
oi! mi 
perati 
7 for th 
N.T.P 
Ba. by in 
methe 
a 
303 
ation 
sed 
if 
— | 
— 


Spectrofluorimetry 


By C. A. PARKER W. J. BARNES 


ig cating oils have been investigated. All come showed an intense fluorescence 
spies in the ultra-violet region, and this was made the basis of a sensitive method 
the determination of oil mist in air. Less 1 of il mist per litre 

Low-PRESSURE air produced by many compressors contains appreciable amounts of entrained 
oil mist. For certain purposes this contamination is objectionable, and to permit com- 
perative tests to be carried out on various.compressors an analytical method was required — 
for the determination of oil mist present to the extent of less than 1 yg per litre of air at Chay 
N.T.P. Preliminary tests suggested that it would be difficult to obtain the desired sensitivity nits 
by infra-red or ultra-violet absorption spectroscopy, and the possibility of a fluorimetric 

The we blue or green fluorescence obtained from mineral oils by excitation 
“black light” of frequency 2-73 pot (366 my) is comparatively weak. ‘Much stronger rao a 
cence was observed in the ultra-violet region by using light of freque ncy greater than 3-30 wp eS nate 
(303 my) for excitation. To determine to what degree this fluorescence was characteristic, = a 
a recording spectrofluorimeter? was used for investigating the fluorescence emission and excit- 
ation spectra of a variety of lubricating oils. The samples included an automobite back-axle 


oil, various grades of engine oil and a thin in cycle oil (s (see ee Table I), as well as the lubricating « oils 
FLUORESCENCE INTENSITIES OF LUBRICATING 0 os 


Back-axle « ol 
Commercial engine oil 


56 High-grade engine oil 
_ All samples showed a fluorescence emission band with maximum in the region of 2:8 po 
(357 my). — Typical spectra obtained by excitation with light of frequency 4-03 y-? (248 my) = 


are shown in Fig. 1. The spectra are all similar, although the shape and precise position of - 
the maximum vary from one sample to the next. Apart from the peak at 28 to 2 ‘9 "ne 
(357 to 345 my), a marked inflexion at 3-2 ~~! (313 my) can be seen in all spectra. With 
the exception of sample No. 4 (cycle oil) there was little fluorescence at wave numbers greater _ 
than 3-4 w-! (294 my). (The small sharp maximum at 3-74 u~' (267 my) was shown by all | 
samples and was due to the main Raman band of the solvent.?) _ For any one sample, the 
shape of the fluorescence emission spectrum varied with the wavelength of excitation, al- _ 
though the main peak appeared roughly in the same region. For example, the emission 
‘§spectra of one oil obtained by excitation with 4-03-y-1 (248 mp) and 3-5-y-" (286 my) light 
are shown in Fig. 2. With the latter wavelength, the inflexion at 3-2 my) increased 


Presented the he meeting of the on n Wednesday, November 4th, 1959. 
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PARKER AND BARNES: oF 


in ‘intensity and a a new inflexion in the region of 3-0 w- (333 my) appeared.. ~ It was thus 
clear that the bands of the oils were due be expected) 


| 


i 


Fluorescence emission spectra of bug per ml of lubricating RO 

oils in cyclohexane with excitation at 4-03u-! (248 my): curve A, i “ght 
zit 
—— No. 1; curve B, sample No. 2; curve C, sample No. 3; curve F 
D, sample No. 4; curve E, sample No. 5; curve F, ‘No. 6; 
(Sample Nos. refer to oils listed in Table I, p. 3; sample No. 1 

22 1-8 p' 26 26 


ty 


excitation at (a) (248 my) and (b) 3-5y-! (286 my): 
curves A, oil from sump of compressor; curves B, collected from 


to a mixture of fluorescent components in which relative proportions varied from sample 


to sample. This conclusion was also confirmed by a of the excitation spectra. y 
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Fe. 3) were measured setting the. mono- 
chromator with wide slits (half-band width approximately 0-2 u-*) at 287) (357 mp), 
Qualitatively they were all similar, showing a main maximum in the region 4-2 to 4:3 - 
(238 to 233 my) and subsidiary maxima at 3:8 to 3-95 (263 to 253 my) and-3- 5 
(286 my), the relative intensities of the three | bands varying from sample to sample. The an 
cycle oil (sample No. 4) showed the greatest variation (see Table I). The excitation spectra. 
were in outline similar to the absorption spectra (measured at a concentration 100 times se 
greater), although there was little or no decrease in absorption at wave numbers greater . a 
than 4-2 ~- (238 mu) compared with the sharp fall in this region in the excitation spectra. § 
Samples Nos. 1, 2 and 3 showed almost identical absorption spectra, which were about twice a 
as intense as the spectra from the high-grade oils (samples Nos. 5, 6 and 7). The cycle oil — 
was again exceptional in showing an considerably : more intense than 


of the re remainder. | 
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Fig. Fluorescence excitation spectra of per ml of 
oils in cyclohexane with fluorescence observed at 2-8u-1 (357 mp) 
(Curves lettered as for Fig. 1; samples Nos. 1, 2 and 3 measured at unit 


ap sensitivity, sample No. 4 at half sensitivity and Nos. 5, 6 and 


The presi intensities of fluorescence of the various ‘samples are shown in Table 7 

| With the exception of the cycle oil, the intensities fall in the same order for both excitation 

§ wavelengths. _ The fluorescence of the three high-grade engine oils is less than that of the © he 

| commercial engine oils, and it seems likely therefore that it is due to constituents of the refined _ iu 
oils themselves rather than to special additives, which are presumably present to the greater 7 

| extent in the high-grade oils. In the absence of information about the methods of refining — 

| and the additives employed by the various manufacturers, it is fruitless to speculate further 

at this stage on the nature of the compounds causing the fluorescence, but it would obviously 

be of considerable interest to make measurements on mineral oils and additives whose detailed _ 

histories and methods of preparation were known, 
_ For analytical purposes, the measurement of fluorescence emission and excitation spectra 7 

appears to provide a useful, sensitive and qualitative test for lubricating oil. However, 

the fluorescence intensities vary by a factor of 8, even within the small number of samples — 

tested, and to provide anything more than a rough quantitative estimate of oil content, ee 

it is obviously necessary have available a of the lubricant involved, so that t the 


1. 85 
thus | 
— 
{ 
A. 
= 
tra. 
re 


spectrofluorimeter can be e calibrated. This pr no 10 difficulty i in 
7 since a sample could be taken from the sump of the compressor immediately after | 


A= Brass dise, 5-5 em ‘diameter, 


ai, c= = Brass disc to fit loosely in lower 
shoulder, with diameter 


a central hole 

(approx.) ae L= Lug for removing brass dise A ay 


4 | 4 
a Fig. 4, Apparatus for for sampling air 
EPARATION AND SUSE OIL IN 
e 


sampling apparatus is shown in 1 Fig. 4 . The inlet to the apparatus was — gror 
»¥ “through the wall of the 3-inch output pipe of the compressor, the sampling point being closeR™ 
to the compressor manifold. The pressure at which the sample was taken (5 Ib per sq. — hav 


- diameter. ‘The flow of air was thus restricted to this area of the filter- -paper. After collection pos 
_ from a suitable volume of air (flow rate 2-5 to 5 litres per minute) the central portion of the J the 
_ filter-paper was eluted with Specpure cyclohexane, the solution was made up to 5 ml and its pos 
: ; _ fluorescence emi¢sion and excitation spectra were measured. The spectra were then compared § obt 
with those obtained by using a known concentration of the sample of oil taken from the sump § 
_ of the compressor immediately after sampling the air. The filter-papers used were pre-washed § wh 
with meng and a blank test was carried out on an unexposed area of the paper (see & car 
7 Fig. 2, curve C). Tests in which the air was passed through two papers in succession showed § ]() 
that a negligible amount of oil was collected on the second paper, 4 
__ Some typical fluorescence emission spectra obtained are shown in Fig. 2, and the results §j ._ 
-* some compressor tests are given in Table II. The results obtained on the same samples 
with different wavelengths fcr excitation were in good agreement. It is interesting to noteR 
_ that air from the compressor fitted with an oil-impregnated felt filter on the inlet side con-§ 
- tained a similar am mame: bite oil to that obtained from compressors fitted with dry paper filters. 
Although Mie visible fluorescence of the oil collected on the filter-paper -paper was not sufficiently 
ax to distinguish it readily from the natural fluorescence of the paper itself, it was found § m: 


that, by development with ligroin i ina Weiss ring oven, the oil could be ee ” a se: 


ty 

i : id decomposition of the filter-paper ff the 
—- ~— The water-jacketed copper tube (D) was introduced to avoid decomposition of the f oe” The 

| 
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January, 1960] OIL 


narrow ring and as little as 1 we could be distinguished. By comparison : 
papers prepared by developing known weights of oil taken from the sump of the compressor, 

it was possible to obtain an approximate visual estimate of the oil content. This simple 
test had the advantage that the spectrofluorimeter | was not required, but it could not of course 


identify the fluorescence observed as being due to oil. _ The results Esramgge Py this method BS 
were in reasonable agreement with those obtained by OATES, 4G 


Compressor 


er 
lower No. 1, with new oil i in 
meter air filter ‘ 


No. 2, with old oil in 


iscA 


{litres of air 
Oil from sump om 
wg) 


‘ 


oiled- -felt ai air ‘filter 


| oil from air | 


method relies on the fluorescence of one group of of the oil, it 
assumed, therefore, that the oil collected from the air has the same composition as the oil MM 
jin the sump of the compressor. Since it is probably only oil mist and not true vapour that 
‘is collected on the filter-paper | this is a reasonable assumption. Its validity is confirmed by "i 
the results obtained in the visual tests, which rely on the visible fluorescence from a different 


close | _ The proportion of oil present as true vapour is not known. With very old oils “a 


inch) § Shave undergone much decomposition during use, the amount of vaporisation due to volatile — =. 
point, decomposition products is likely to be considerable. Consideration was therefore given to __ 
papet § the possibility of measuring the total oil content, including vapour, by passing the air through 
_ Thea cooled trap. This procedure was less convenient and was finally rejected on the grounds — aa 
m in that fluorescence measurements would not provide a true measure of the vaporised decom- base 
ction § position products. For-the purpose of comparing the performances of different compressors, BS 
of the the method described was adequate, and the difficulties that can be introduced by decom- 
nd its § position products of the oil can be avoided by using a new oil for each test. In fact, results 
pared § obtained with old oil were similar to those with fresh oil. 
sump§ = The sensitivity of the method is limited by the filter-paper and solvent blank value, — 
ashed § which corresponded to about 3 pg of oil (this figure could probably be decreased by more 
T (see § careful purification of the paper). If it is assumed that 50 litres of air are — (requiring % 
owed 10 minutes), this blank corresponds to 0-06 yg of oil per litre of air. Big 
ail 4 We thank Mr. W. T. Rees, who | provided the absorption spectra of the oils. This | paper pes 
mples# Published with the permission of the Superintendent, Admiralty Materials Laboratory. 
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Parker, A., Nature, 1958, 182, 1002. 

ilters. 2. , Analyst, 1959, 84,446. Yo yar 
Muniz silt bo cide quits. ot innibutiy A odd to 
iently _ Mr. A. H. Gunn_asked if, as the sundial of the iettin was limited by the fluorescence of the 
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materials extracted from the filter-papers, the use of peorrenny: extracted filter-papers would improve the ie 
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TYLER: ‘THE ASSAY OF WITH i 

ae _ Dr. PARKER said that the blank fluorescence was due not only to small amounts of meses material 
extracted from the filter-paper but also to traces of fluorescent impurity in the cyclohexane. They did 
_ in fact pre-wash the filter-papers with cyclohexane and the total fluorescent blank was then small enough 
for their purpose (i.e., it corresponded to less than 0-1 yg of oil per litre of air). It could no doubt be reduced 
still further by more exhaustive extraction of the filter-paper and by purification of the cyclohexane. It 
had incidentally been noticed that many samples of cyclohexane, specially purified for absorption spectro- 
= and showing low absorption throughout the ultra-violet region, nevertheless showed quite intense 
__-Mr. J. F. Hinsrey referred to the diagram of the ‘spectrofluorimeter, which showed a fluorescent 

_ device used for monitoring the output of the source of exciting radiation. He asked Dr. Parker to give ; 
further details of this device and to say whether : its efficiency was independent of the wavelength of the| 
a Dr. PARKER replied that the fluorescent-screen monitoring device used in the spectrofluorimeter had 
been described in a paper already published (reference 1, above). — It consisted of an alkaline solution of 
fluorescein (4 x 10-* M) contained in an optical cell of depth 5 mm, , the fluorescence excited by the incident 
light being viewed through the back face of the cell. The quantum efficiency of the device was checked 
against the ferrioxalate actinometer and its quantum yield was found to be constant to within +10 per 
om. over the wavelength range 230 to 500 mp. 
Mr. A. G. Hit asked whether the authors were satisfied that the filter-p -paper retained all the oil mist. 
Dr. PARKER stated that, in experiments in which two filter-papers were used in series, a negligible 
d amount of oil was collected by the second. It was therefore assumed that all the oil mist had been trapped 
- by the first filter-paper. It was not known, aig, what t proportion of oil present in the form of true 


The Assay of Acetylcholine with the Isolated Semispinalis| 


ervicis ; Muscle of the Chi ck [a | 


_ A method is described in which the semispinalis cervicis muscles of 

- 3-week-old chicks are used for the rapid and accurate assay of acetylcholine. we 

ke preparation is sensitised to acetylcholine by adding edrophonium chloride “ 
_ to the bath to give a concentration of 4 to 8 wg per ml before each injection © se é 

of acetylcholine. Ten assays of a (2,2) design were carried out on solutions rts 

of known potency. The mean error was + 2-8 per cent., the mean fiducial limits 71 
error were 7-3 per cent., and the mean index of precision was 0-031. Vil 
_ It was shown by K. Child and E. Zaimis, in unpublished work, that the semispinalis c cervicis 
_ muscle of the chick, like the rectus abdominis muscle of the frog, responds by contracture 
to acetylcholine and substances possessing an acetylcholine-like action at the neuromuscular 
.¢ ‘junction. For assay purposes, the chick muscle has one main advantage over the rectus 
‘is the time of the frog; the relaxation meen § the contracture is much more ane so that 


a Light Sussex crossed Rhode Island Red pullets, 14 to 21 da ys | old, were used. They 
_ were received on the day of hatching and were housed in a rel sll maintained at 85° to 
For the dissection of the se semispinalis cervicis muscle, the nation asiulienl by cue 
an and Zaimis was used. The chick is anaesthetised with ether and plucked on the dorsal side 
- of the neck. A longitudinal incision is made in the skin from the base of the skull to the 


second thoracic vertebra. The neck i is s slightly arched by means of a small pad of cotton-wool, 


Present address: of Zoology, The University, 1 Exeter, 
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. - Fig. | . Dissection of the dorsal aspect of the neck of a chick, showing 
‘the right biventer muscle (A) retracted to expose the right semispinalis 
Cervicis muscle (B) (reproduced from Child?) 
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Band the connective tissue is removed to expose the two biventer cervicis muscles. The biventer 

= cervicis muscle of one side is separated from the semispinalis cervicis muscle, which is directly 

S beneath it (see Fig. 1). The semispinalis cervicis muscle is then dissected away from the 
oblique muscles of the neck, and a thread i is tied round each end of the muscle before it _ 
removed from the body. % ‘The isolated muscle is then suspended as rapidly as possible in 
a 5-ml isolated-organ bath containing oxygenated Tyrode solution at 40-5° ieee 
__ Child and Zaimis developed this preparation for assaying acetylcholine-like substances 
acting at the neuromuscular junction. In this paper a further development is described — 
for the assay of acetylcholine itself. Chicks from 3 to 7 days old were used by Child and. 
Zaimis for assaying decamethonium, but preparations from chicks of this age were unpre- — 
dictable in their responses to acetylcholine. ‘When the chicks were from 14 to 21 days old, 
however, the responses to acetylcholine were more regular; consequently, chicks from 14 to 


21 old ‘were used throughout the described here. 


_ The preparation is relatively insensitive to acetylcholine unless it as on previously | 
treated with an anticholinesterase drug,! possibly because of the high concentration o &¢ 
cholinesterase within the muscle (unpublished work by F. Hobbiger, 1953). The anti i a. 
cholinesterase drug was tested either by inclusion in the Tyrode solution, so that the muscle — o 
was continuously under its influence, or by adding it to the contents of the isolated-organ eo “a 
bath at a fixed interval before the acetylcholine was added. Several anticholinesterase drugs" —- j 
were tested, t.e., physostigmine, tetraethylpyro- 7 
phosphate and edrophonium chloride. Each of these drugs potentiated the effect produced — aie q 
by acetylcholine, but the first four were unsuitable, as they either produced too small an ge 
increase in sensitivity or caused a partial contracture of the — from which it did not relax = tae 
, ‘Edrophonium chloride, however, was satisfactory for ‘assay purposes. It was not included © 
Bin the Tyrode solution, since, “when used in this way, it caused long-lasting contracture ee : 
even at extremely low concentrations; however, , when injected into the bath to produce a sf 
Bconcentration of 4 to 8 vg per ml, before each addition of acetylcholine, it caused a a 
miactory increase in sensitivity and no contracture. When the preparation was so ated, 
Brecovery after of acetylcholine was rapid and there was no evidence of 


— 

Each ‘dose of was left in contact with the 
edrophonium. chloride was added 30 seconds before each injection of 
interval between doses of acetylcholine was 4 minutes. The assays were of a (2,2) design 
and the four doses in each group were given in random order.’ 2 The Tatio of the large | dose ape 
to the small dose was either 3 to 2 or a ee eo 


| Ten assays were carried out in this way on solutions having known potencies, so that the by 
accuracy of the method could be determined. _ Each assay was performed on the muscle — 

The tracing obtained in a typical assay (assay No. 5, see Table III) is shown in Fig. 2: 
the measured contractures are shown in Table I, and the results are presented a - 
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_ in Fig. 3. The responses are fairly constant, the regression is good, and there is little deviation f z 3 

_ from parallelism. An analysis of variance of this assay is shown in Table II, from which it bi a 
can be seen _ neither send variation between groups nor the deviation from parallelism 
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ANALYSIS OF VARIANCE OF ASSAY No. 5 hed 


| 


«ef Standard and 68:10 68-10 16-20 
Regression .. 1 00 588- 139-80 <0-001 | 


4 
= 0-015 b = 54:7 s = 2-05 = 0-037 
Fiducial limits = 8-2 per cent. 


be bow Bsens 


Win. Fig. 2. “Tracing | from a typical assay of acetylcholine with 
semispinalis cervicis preparation: A, 0-2 ml of test solution; ratte 
B, 0-3 ml of solution ; 2-0 of of acetylcholine; D, 3 0 
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shown in Figs 
: is significant (P>0- 05), whereas the regression between the large and small doses is highly 


__ The results of the ten assays are summarised in Table III; the average difference between 


_ the known potency and that found is +2-8 per cent., , the ar av verage fiducial limits are +7-3 per 
-cent., and the average index of precision (s/d) is 0- 031. 
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RESULTS TEN A KNOWN POTENCY 
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the rectus abdominis muscle of the frog,?»4 the warhee.c muscle of the leech*:5 or the blood 
pressure of the cat® is used. The characteristics of these three methods and of the proposed 
method are summarised in Table IV. The longitudinal muscle of the leech provides a valuable 
preparation for identifying acetylcholine and for approximate quantitative work when high 
sensitivity is required, but the method is intolerably slow when many samples must be tested. 
iThe method involving use of the blood pressure of the cat is the most sensitive, and an assay 
can be rapidly completed. The accuracy is satisfactory, but the method has the nediacaedll 


The results for ‘the fi first ba 
be 


> 
Longitudinal. muscle ofleech .. Slow wares: To within +15 to 20 per cent. oh, 
Rectus abdominis muscle of frog Adequate To within +5 percent. 0- 05 
Blood pressure ofcat ..  .. Rapid §Towithin +10 percent. 003 to 0 


chick - Morerapid To within +5 per cen cent. 0-02 


and two doses of extract percomparison), 


The frog rectus abdominis preparation is probably the most convenient and accurate rh 


of the methods hitherto available for work in which high sensitivity is not required. ey 
seems, however, that the use of the proposed preparation has definite advantages over it. brn 
sKirst, the sensitivity of the chick muscle is slightly greater and stays constant for several 
jiours, whereas in the frog muscle preparation there is often a slow steady decrease in 
sensitivity. _ Secondly, biological fluids, such as blood, plasm’ or urine, have little ‘effect 
on the tone of the chick muscle preparations, and acetylcholine in such fluids need not be 
extracted before the assay. Thirdly, the speed with which an assay can be carried out with — 
the chick muscle preparation is much greater than that with the frog muscle Erepeean. 
This is because the chick muscle relaxes rapidly; artificial stretching i is never required: — 
Child, K., Ph.D. Thesis, University of London, 1955. 
2. Schild, ‘HH. O. Physiol., 1942, 101, 115. 
3. Riessner, O., Arch. exp. Path. Pharmak., 1921, 
4. Chang, H. C., and Gaddum, J. H., J. Physiol., 1933, 79, T 
_Minz, B., Arch. exp. Path. Pharmak: , 1932, 167, 85. ar 


Brown, G. L., and Feldberg, W. 1936, 86,290. Sob 


D MacIntosh, F..C., and Perry, W. L in “Methods i in Medical Research,’ Year Book Publishers, 


These figures indicate standard deviations for successive comparisons (two doses of 
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HUNTER: “MICRO METHOD FOR THE HE DETERMINATION OF CALCIUM 


Micro -0 Method for the Calcium and 


Magnesium in General ‘Material 

Road Hospital, nhs = 


is described and examined. .. 
simple quantitative device for the comminution of tissuesis described, 
with a method of treating the ground material with trichloroacetic acid. el 
_ An alternative ashing procedure is also 
"The calcium and magnesium are precipitated together as phosphates 
iia from the trichloroacetic acid filtrate or from the solution of the ash. Calcium © 
Je 4 and magnesium are shown to be thus quantitatively recoverable at or above ew 
concentrations of 7 x 10-* and 2-4 x 10-* mole per litre, respectively. The 
metals are thus separated from excess of phosphate and iron and from copper * 
_ and zinc. The solution of the precipitate is often directly titratable for __ 14 
calcium and calcium plus magnesium by the method already described by __ 
__Interfering metals, which may under certain conditions 
perme _ the phosphate precipitate, are removed from its solution by treatment with thei ; 
a diethyldithiocarbamic acid and extraction with carbon tetrachloride. Di- | 
= ethyidithiocarbamate does not compete with the metal indicators for calcium 9° ona 
® and magnesium, and, as the solubility of carbon tetrachloride in water pons 
negligible, there is no volume change in the aqueous phase. 


_ In order to test the method, analyses by different procedures of biological - ce 
materials with widely varying chemical compositions are given. The particular 
’ procedure chosen depends on the nature of the material to be analysed and» te ; 
for most materials may be made a simple routine operation. 


Bede to grt! mixtures of calcium and magnesium and to’ biological fluids such as 
; _ blood plasma and cerebrospinal fluid after de-proteinisation. 2 It is not applicable to urine 
or to muscle, nerve and most animal organs, owing especially to interference from the presence 
a excessive amounts of phosphate. With ashed tissues of animal origin the extra problem 
of removing the iron from haemoglobin arises, and other possible interfering metals, such as 
_ copper, zinc and manganese, may be present in the ash of tissues from either plant or animal. 
It would thus appear that any method suitable for determining calcium and magnesium inj 
biological material with the metal indicators currently in use must include satisfactory means § an 
for the separation of these alkali metals from phosphate ions and from other likely interfering § +o, 
metals. It is further required that, in the treatment of tissues for analysis, no added reagent @ nx 
that competes with the metal indicators in complexing calcium or magnesium may be present @ 
in the final test solutions, and Teagents must not contain es amounts of these @ jn 
Several methods have been suggested for the removal of phosphate. — _ Collier? added a 
large excess of molybdic acid and extracted with chloroform. A similar principle has been 
suggested for urine by Horner,‘ who used a large excess of morpholine and precipitated with § Ri 
_tungstic acid both morpholine phosphotungstate and tungstate. To remove excess of phos-§ 
_ phate from plant ash Padhye’® has used zirconium nitrate, and Ling® for milk and whey has 
used metastannate. With animal-tissue ash Hamm’ and Griswold and Pace® used ion-§ 
exchange resins. Several of these methods have been tried, but none was found suitable 

_ for the determination of calcium and magnesium in micro amounts. =  & 

_ The removal of iron with phosphate or with acetate and heat is not sufficiently ewes 
to prevent interference with the Eriochrome black T indicator at pH 10-2. 

ame method for the determination of magnesium in blood serum,? in which the metal 
i 


is not precipitated, yielded values in the condition of bovine hypomagnesaemia no higher] 
than those obtained by Denis’s method as used in the Biochemistry Department, Central 
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This observation has led to a study of the precipitability a as phosphates of both calcium 


ives with the calcium and magnesium phosphates, and such traces can be removed by an, 


| greatly in chemical composition; we have, however, had little experience of testing many 


Veterinary Laboratory, Weybridge. This ‘indicated that the ammonium magnesium phos 
phate must be exceedingly insoluble, and I thank Mr. Salt of that Department | for supplying 


details of the conditions of precipitation used there. 


and magnesium together. Evidence will be given that as little as 1 wg of calcium and ~ 2 
0-2 yg of magnesium are quantitatively precipitable from a volume of 3-5 ml in presence of & 2 ¢ 
excess of phosphate and ammonia. Such a degree of insolubility appeared adequate, — r 
as appreciably more than the molecular equivalent of phosphate combined with the metals — 
does not significantly interfere with either the murexide or Eriochrome black T indicators, 
the method of determining magnesium in presence of calcium, already described, could be 
applied to the solution of the precipitate. Excess of phosphate i in the original material 2 
in the reagents would thus be discarded in the supernatant fluids and washings of the phosphate 
This device leo of In presence excess of phosphate, 


of ferric phosphate is such that even with ashed erythrocytes only tieees of iron are precipi- 
treatment with diethyldithiocarbamic acid and carbon tetrachloride without loss of the __ 
® alkali metals (see p. 18). It may further be noted that any copper or zinc present will : Be 

likewise remain in the supernatant fluid from the phosphate precipitation. The advantages a 
of precipitating calcium and magnesium as phosphates are thus obvious. 
Phosphate precipitation is carried out either on solutions of ashed samples or on = 
chloroacetic acid extracts of tissues. The phosphate precipitate readily dissolves in ‘ute 
acid, and often this solution may be titrated directly for calcium and for calcium plus mag- me 
nesium. When interfering metals are present the solution is treated with diethyldithio- 
carbamic acid and extracted with carbon 
The values in Table V (see p. 19) are given as evidence that the method is a compre- > 
hensive one, rather than as a measure of the precision attainable with materials differing 


of the materials listed in Table V. It will be seen that the method of choice is as and 
readily applicable to routine use in a variety of fields, 
Hot- ~plates—Two hot-plates with Simmerstat controls are used. One is maintained 
at 80° to 150°C for preliminary evaporation and oxidation of materials to be ashed and 
the other at about 300° C for oxidation according to Middleton and Stuckey’s principle.® = ==> 
Tissue grinder and extractor—Most plant and animal tissues, in amounts requisite Se 
analysis, are readily comminuted with the glass mortar and pestle shown in Fig. 1. te for : 
rounded pestle is ground with carborundum | to engage with the total bottom s surface of the 
mortar. The Pyrex-glass tubeis16mm x 115mm. 
a _ Micro ashing flasks—These have already been described.” They are tared for cunvidianine 
4 Centrifuge tubes—E-Mil plastic-stoppered graduated or plain 10-ml tubes. rittse pation. 


Pipettes—E-Mil automatic micropipettes, 0-02 to 0-25 ml, and other graduated pipettes. *s 
ora may be assumed that all commercial reagents contain at least traces of calcium an 
magnesium ; in work on a micro scale, these may be a source of gross error. It is therefore — Ee 
necessary to have the three main reagents, water, nitric acid and trichloroacetic acid, abe 


hati as possible from metals. _ They were prepared and tested as below. 


indicator solutions in the colour comparator, 


ail * The colour comparator is the subject of patent applications, the rights in which are the property 
of the National Research Development Corporation, 1 Tilney Street, London, W.1, to whom enquiries — 
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t was tested by adding 1 or 2 ml to one cup of the zeroed murexide and Eriochrome black T | 4 ee 
— 
— 


MICRO” METHOD F0 FOR THE OF (Vol. 85 
Nit nitric acid, ‘sp. p.er. 1- -42, was gently distilled from a a flask attached 
to an upright empty reflux condenser about 20 inches long to > prevent liquid carry-over into 


the attached horizontally inclined water-cooled condenser. The distillate was tested as 
- described under “Procedure, ’ and it was found that 1 ml contained 0 to 0-1 Hs of calcium 


whit 

f mz mat 

acid—AnalaR trichloroacetic distilled under reduced pressure @ 

in the a pparatus described for nitric acid. Al. per cent. w/v mol 

was prepared and tested as described under ‘‘Procedure,” § 
and it was found that 1 ml contained 0-5 yg of calcium and 0-15 pg 
nan of magnesium (or their equivalents of interfering metals). = 

Ammonium hydroxide—AnalaR ammonia solution, sp.gr. 0-88, be 
was found to contain 0:5 pg of calcium and 0-15 wg of magnesium @ 


ml (or their of metals) and was regarded 


_ Ethanol—One millilitre of sheclute ethanol (Burrough’ s) was 
found to contain about 0-5 yg of calcium and less than 0-1 pg of J 
magnesium and was regarded as satisfactory, 


__ Ethanolic ammonia solution—One millilitre of ammonia solution, 
vid sp.gr. 0°88, was added to 100 ml of 70 per cent. v/v ethanol a: 

Ammonium phosphate solution—One-hundred millilitres of 

(2M diammonium hydrogen orthophosphate (AnalaR) were mixed | 

with 150 ml of water and 100 ml of ammonia solution, sp.gr. 0-88. | 

* _ The mixture was set aside at about 4° C for several days, and the 

ioe supernatant fluid was then removed by decantation; it was nearly 

Fig Ti Tissue free from calcium and magnesium. 

and extractor (one-third | — Sodium diethyldithiocarbamate solution—A 0-1 M solution of 

full the AnalaR reagent was spun in a centrifuge to remove a small 

. _ tetrachloride—About 500 ml of AnalaR carbon tetrachloride were shaken with 

20 mil of 0-1 N nitric acid. Th he layer was remov ed, and the organic layer’ was washed 


ammonia solution i in micro tery flasks, and evaporate to Amend on the cooler hot- ie 

Ash, if necessary, with a minimum amount of nitric acid, as described below; then dissolve 

the ash in dilute nitric acid, dilute to a definite volume, and titrate with murexide and 


Test other reagents, ‘such as sodium diethyldithiocarbamate, similarly. 


—- Materials in general—The procedure to be adopted for ' the determination of calcium ac 


magnesium will on the nature of the With most materials the Ww 
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acid filtrates of tissue, and of whole blood or contain none 
of the iron from haemoglobin. In our experience the filtrates contain all the calcium and 
4 magnesium found to be present in the corresponding ashed materials. Our limited observa- 
tions on plant material containing chlorophyll ; also suggest that all the magnesium present 

is released to the trichloroacetic acid extract. Trichloroacetic acid filtrates are, however, @ o! 
unsuitable for titration with the metal indicators because of their high acidity and, if this is @ b; 
overcome aw by neutralisation, because of the serious complexing effect of the trichloro- 


a 
a 


ashing or, preferably, by precipitation with ammonium phosphate. 

pier. Arguments for ashing are: (a) the certainty that all organic material is destroyed; if 

free from excess of phosphate and interfering metals the solution of the ash may be titrated 

¥ ey. (d) it dispenses with the need for grinding, extracting and measuring aliquots : of 
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ched spun supernatant fluid and (c) it use 
into 


advantages noted above, and likely additions to the blank value. = = inane 
_ Both methods of treatment can be illustrated with human washed packed erythrocytes, Be 
which contain excesses Phosphate and iron regarded ed as “ “difficult” 
test Ashing—Place two 0- 25- a portions of erythrocytes in separate micro ashing flasks, and _ 
_ J oxidise with concentrated nitric acid, as described for blood serum." Carry out at the same 
ssure @ tiie duplicate blank tests containing like amounts of all reagents. The process is rather oe 
w/v @ more protracted than with serum and requires about 0-5 ml of acid to complete the oxidation. 
are.” @ To the ash add 1 ml of 1 N nitric acid, and heat under reflux for at least 1 hour on a hot-plate — 
5 pug at 80° to 90° C, but avoid heating to dryness by adding water if necessary. _ Transfer the — 
_ "* @ solution to a centrifuge tube, and wash the flask with 1 and then 0-5 ml of water. . To the 
solution of the ash, about 3-0 ml, add 1-5 ml of diammonium hy drogen orthophosphate solution — a. 
sium @ and 0-75 ml of ammonia solution, sp. gr. 0-88. on insert the stopper, and set aside at about — nf a 
irded @ 4 C for at least 24 hours, 
Spin in a centrifuge, carefully decant the brownish sv supernatant fluid, and rest the inverted ie 
was i tube over filter-paper for a short time. Then place in the tube 1-5 ml of ethanolic ammonia Po 
ug of @ solution, mix, and again spin in a centrifuge. — Decant the supernatant fluid, drain the tube, 24 
"eat and add 0-25 ml of 1 N nitric acid. _ Place the tube in warm water, , and add 2:1 ml of water. _ 
ition, @ Mix, cool, and add 0-1 ml of sodium diethyldithiocarbamate solution. Mix, set aside for 4 
4 few ‘minutes, and then add 1 ml of carbon tetrachloride. Insert the stopper, shake, and © E 


s of @ 2gain spin in a a centrifuge. Insert the end of a pipette drawn toa capillary through te 


1 the @ for calcium and magnesium with the metal indicators murexide and Eriochrome black rt 


Trichloroacetic a acid extraction—To 0-25 ml, in duplicate, of erythrocytes add 2-75-ml 
mn. of @ portions of water and, after complete haemolysis, 2 ‘0-ml portions of 10 per cent. SS 
small @ acid. Mix thoroughly, and evacuate gas from the precipitate. Spin in a centrifuge, and = 
_ @@ transfer 4-0-ml portions of the supernatant fluids to centrifuge tubes. Add 2-0 ml of am 
with §@ monium hydrogen orthophosphate solution and 1 ml of ammonia solution, sp.gr. 0-88. Mix a 
ished @ insert the stopper, and set aside at about 4° C for 24 hours. Carry out duplicate blank tests — 
_ _@j with the same reagents at the same time as tests on the blood filtrates. _ Spin the tubes in a 
a centrifuge, and continue as described above under “‘Ashing,”’ adding 0-15 ml of nitric a . 
eo and adjusting to a volume of 2-0 ml, without the addition of thiocarbamate. 
i General remarks—Either procedure. can be applied to most biological materials. 
hard skeletal materials, such as bone, shells and wood, are most conveniently ashed, as also 
are some foodstuffs containing much fibrous tissue, carbohydrate or fat. Most plant and 
animal tissues, in the small — required for analysis, are readily comminuted in the 
grinding tube shown in Fig. 1. The dry tube is weighed, and a suitable amount of tissue an 
(containing not less than 10 yg of calcium and 2 yg of magnesium, and preferably 2 to 3 times . ‘a 
these amounts) is placed in it. If it is decided that the total volume should be 5ml, then 
add 2 ml of trichloroacetic acid solution, and grind the tissue. _ Adjust the volume with 
water, assuming that the weight of tissue in grams equals the volume in millilitres. Mix with 
the pestle, then remove it, spin the tube in a centrifuge, and transfer a measured amount of © 3 k 


icetic the supernatant fluid to a tube. Add a half volume of diammonium 
none 
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of interfering metals present in relation to the magnesium present is so small that thiocar- i a ~ 


bamate treatment is unnecessary. Whether or not it is necessary is easily decided by taking, — 
e.g., 2 ml of the slightly acid final solution, which has already been titrated for calcium — 
magnesium, adding 0-1 ml of the thiocarbamate solution and 0-2 ml of 0-1 N nitric ll 
and extracting with 1 ml of carbon tetrachloride. One extraction is usually sufficient. Again 
titrate the aqueous phase, and, if the titre multiplied by 2:3/2-0 is less than the titre at 


before treatment, then some interfering metal was originally present. 
tsof When | metal interference is not significant and there is No excess of phosphate resent, 
— 
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HUNTER: MICRO METHOD 1 FOR T HE DETERMINATIO! 


N CALCIU} 


as with h blood | serum and some other body fluids, it is ‘sufficient to trap -proteinised 


extracts,? which are directly suitable for titration of both calcium and magnesium. 
_ Tap-water may be directly titrated, or the calcium and magnesium may be precipitated 
_ as phosphate and the solution of of the precipitate treated | with thi peacoat if ~ metals 


q 
from simple solution of the two  Froma standard of calcium and 


magnesium, measured volumes were placed in duplicate i in ——- tubes and like volumes, iz 
nd THE PRECIPITATION OF CALCIUM AND. MAGNESIUM, AS S PHOSPHATES, FROM 


ound, from mean, 


Difference 


phe 
>. wit 
titr 
solution and 0-5 ml of ammonia solution, sp.gr. 0-88, were -added. Corre- bro 


_ sponding reagent-blank solutions were placed in similar centrifug e tubes. The solutions were ff val 
_ mixed, stoppered, and set aside at about 4° C over two nights. _ The tubes were then spun § the 
in an M.S.E. clinical centrifuge for about 5 minutes. The supernatant fluids were poured § fou 
off, the inverted tubes drained briefly, and the contents then washed with 1-5 ml of ethanolic pre 
ammonia solution. To each of the drained tubes were added 0-15 ml of N nitric acid and § it « 
—-: 23 ml of water. ~The volumes of the control solutions in the test- it-tubes were likewise adjusted § bef 
to 2-5 Titrations were carried out as already described. sm 
The above- mentioned observations have been repeated in the presence of trichloroacetic = | 
: acid with similar findings. _ The complexing action of trichloroacetic acid at the concentration 
achieved by our procedure is not sufficient to interfere with the quantitative precipitation 
of calcium and magnesium by phosphate, 
_ Evidence has already been given* that diluted plasma, adjusted to pH about 5-5 with 
acetic acid and heated, yielded filtrates suitable for the direct titration of calcium and | Tr 
with the metal indicators. Table that the phosphate Precipitates from 
DETERMINATION OF “CALCIUM AND MAGNESIUM IN BY DIFFERENT METHODS 


mg per mg per per mgper mg per per ‘ 
ml 100 ml 100ml ml 100ml 100ml 
9°6 2-10, 2:10 94 2-06, 2-10 9-4, 98 2:05 


such a filtrate, and also the phosphate precipitate from a trichloroacetic acid filtrate of the 


same plasma, yielded values for calcium and magnesium in good agreement with those obtained 
_ by direct titration of the acetic acid filtrate. 
_ Table III compares the values obtained in n duplicate from the washed erythrocytes from 
4 three bloods by the proposed ashing and trichloroacetic acid treatments. It is evident that 


the seeevey large amounts of iron present in the ash of erythrocytes are removed by 1 - 
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OF CALCIUM AND MAGNESIUM IN WASHED ‘PACKED 
Determinations carried out by titration of solutions of the phosphate weecisieies oe 
] from solutions of ashed erythrocytes and of solutions of the phosphate precipitates eae 


from trichloroacetic acid filtrates of the haemolysed erythrocytes. The figures in 


% 
hosphate p: precipitate of Phosphate precipitate from 
solution of ashed ethyrocytes rem | bab trichloroacetic acid filtrate _ 
mg per 100 og lg mg per 100 ml aoa 8 per 100 ml mg per 100 ml esi Sree 


06, 06 (06) 5-8, 53 86, 


06, 0-4 (0-5) 5-1, 5-0 (5-1) 
28 (10 mg of calcium 

procedures. poe without loss of either calcium or - magnesium, - Table III also shows 
that calcium added to haemolysed erythrocytes 1 is recoverable in the phosphate precipitate 
__ The values in Table IV reflect the interfering effects of both metals and excess of phos- : 
phate in ashed liver. Before treating the solution of the ash with thiocarbamate the titrations 
with both murexide and Eriochrome black T gave higher results than the corresponding 
titrations after thiocarbamate treatment. The carbon tetrachloride extracts were yellow- 
brown in colour and no doubt contained ‘both | copper and iron, which accounts for the high 
values on the untreated solutions. The corresponding. values obtained on the solutions of 
the phosphate precipitates are greater for both calcium and magnesium than the values 
found in the carbamate-treated solutions of ash. Such findings are accounted for by the 
presence of excess of phosphate in the thiocarbamate-treated solutions of the ash. _ Further, 
it can be seen from Table IV that there is no significant difference between magnesium values a 
before and after thiocarbamate treatment of the solution of the phosphate precipitate, and the 
small increase in calcium values shown probably arises from errors in the extremely small titres. +5 
It is also apparent that in the phosphate precipitation of solutions of liver ash a oe 
amount, if any, of interfering metal is precipitated. | 


ation 


TITRATIONS, CALCULATED AS MAGNESIUM, BEFORE AND -THIOCARBAMATE 
is OF SOLUTIONS OF _ASHED LIVER AND OF SOLUTIONS OF PHOSPHATE PRECIPITATES 


FROM THE SAME | ‘SOLUTIONS 
‘The a was ‘as digested for 0-5, 1-0, 1-5 and 2 2 hours in in 1 ml ml of 5 “—_ nitric acid i in the order listed — 


Solution of ‘phosphate Solution of phosphate 


Before, After, Before, After, Before, After, Before, After, 


fresh liver, per per mg per mgper mgper mg per “mg per mg per 
100mg (100mg mg 100mg 100mg 100mg 100mg 

ae V compares the calcium and magnesium values obtained from the phosphate — 
precipitates prepared from the solutions of a variety of ashed materials with those prepared a. 


from trichloroacetic. acid -extracts of the “same materials, Each” value given represents 
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_ determination and is usually the mean of two or more titrations. Direct- titration values, 
after thiocarbamate treatment, when necessary, are also listed for some materials. a . fey 
values | obtained from ashed trichloroacetic acid filtrates are also shown in Table V. 


preparation of containing the total calcium and magnesium in general 
biological material and which are suitable for use with the metal indicators murexide and 
Eriochrome black T was the main objective of the work described. Suitable test solutions 
must be colourless, free from suspended matter, nearly neutral or only slightly acid and free 

- from other metals that titrate with the indicators ; they must have no excess of phosphate that 


competes with the indicators and no excess of complexing organic substances, such ascitric 
acid; they must be free from complexing agents, such as ethylenediaminetetra-acetic acid, § 
which quantitatively appropriates the metals from'the indicators and which may be intro- 
_ duced into body fluids in the course of medical treatment of certain disorders, = = 
For the quantitative removal of interfering metals the solution should be just acid to 
litmus paper after the addition of sodium diethyldithiocarbamate. (It may be noted that a | 
0-1 M solution of this salt is 0-2 N.) The metal thiocarbamates are then readily extractable 
_ with carbon tetrachloride. If solutions are highly acid, some interfering metals, such as iron, 
return to the aqueous phase, and calcium and magnesium also seem to be lost. Gage" has 
_ observed the importance of acidity in the distribution of lead an bismuth thiocarbamates 
_ between aqueous and organic phases. No unnecessary excess of tue thiocarbamate is used, 
although the presence of relatively large amounts, ¢.g., 0-25 ml of 0-1 M solution, has no 
_ competing action in either the calcium or magnesium titration. This property of the reagent 
= is most valuable for our purposes, as a certain excess must be used, and this excess is not 


has 2 a negligible ‘solubility i in water, so that when water-saturated carbon tetrachloride is used 
_ to extract the mate thiocarbamates, there is no significant change in volume of the aqueous 


° 
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Fig. Effects of phosphate and citrate in the titrations of 


pg of with murexide as indicator and 0-5 pg of 

nesium with Eriochrome black T as indicator: curve A, citrate 

with magnesium; curve B, citrate with calcium; curve C, 

phosphate with calcium; curve D, phosphate with 

‘The interfering effects of phosphate and of citric atid are shown in Fig. 2. It can be 
seen from Fig. 2 that 0-4 umole of phosphate (12-4 yg of phosphorus) lowers the titrate of 
5 pg of calcium by 0-1 HE or 2 per cent. and 0-8 pmole of phosphate (24-8 yg of phosphorus) 
lowers the titrate of 0-5 wg of magnesium by 0-01 wg or 2 per cent. This is the limit of 
accuracy of the titration procedure. The calcium to phosphorus ratio of 5/12-4 = 0-4 may 
be regarded as the minimum that the murexide indicator will tolerate without yielding low 
values for calcium. This ratio is commonly and roughly ascertainable from food-analysis 
tables, and a _ knowledge of it may ie some indication of whether * ‘excess” of phosphate is is 
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- likely to be present in the material in question. Likewise ee me eangneciann to phosphorus 
ratio is 0-5/24-8 = 0-02, an indication that only in exceptional circumstances is phosphate 
likely to affect the titration of magnesium in presence black T. 

Citric acid is commonly present in body fluids, bone and, especially, citrus fruits, 
We have observed (see Table V) that diluted lemon juice gives a zero titration for calcium 


and that the citric acid present prevents its — precipitation by the saan method 


‘The: ashing of materials has been set as an 5 shiiitee' to extraction and de-proteinisaton 


_ with trichloroacetic acid. For some materials, e.g., bone and woody materials, ashing is a 


_- The subject of ashing materials for trace-element analysis has recently been one of | 


ASHING OF MATERIALS— — 


major interest, as the recent report by Gorsuch” testifies. When working on a micro scale oe 
the problem of finding a satisfactory method of ashing in the determination of calcium and ane 
magnesium is similar. We have had much satisfaction when using Middleton and Stuckey’s § ~ P 


principle, and nearly all of the values for in Ta II to V were 
obtained by the method already described. 

No detailed discussion « of the the contents of Table Vv is necessary here. It may hes noted, on 
some of the v iieiiniie shown may thus be accounted rm na Some of the values were obtained of 
= the earlier stages of the work, and no great precision was to be expected. Fairly satis- § 4. 

_ factory values are shown for faeces, from homogenised material, from distinct pathological § }: 
conditions. The degree of concordance of values obtained by the different procedures for § j;, 
widely different material would appear to be fair ev idence for the general soundness of the a 
The reproducibility of values and precision attainable by the method may be better § },, 
judged from the values in Table IV. These were obtained from dried liver powder and § {, 
It is concluded that the procedure of preference i is phosphate pr precipitation of trichloro- § y, 
acetic acid filtrates and secondly phosphate precipitation of the solution of the ashed material. ft 
Direct titration of ashed material, especially after thiocarbamate treatment, often yields vin 
_ values, as shown in Table V, close to those found by the phosphate procedure; this likewise ef 
holds for acetic acid filtrates. _ The two last-mentioned procedures are, however, more liable B ,; 
to error than is the phosphate precipitation procedure. The analyst : must choose the e procedure * 


best suited to the material in question. 
_ I thank Mr. G. Higgins, Biochemistry Department, Radcliffe latemery, for the three \ 
specimens of faeces, Mr. E. Pitte, Electromedical Research Council Unit, Churchill Hospital, 
| for making tissue grinders and Mrs. K. M. Nunn for technical assistance. The work described | 
is part of a programme in the development of methods for the study of the blood - cerebro- a 
4 spinal fluid barrier in association with Dr. H. V. Smith, Reader in Medicine in the University 
of Oxford, and is made possible by a grant from the Nuffield Foundation. 
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The ine of Hexachlorocyelohexane idues 


of Scientific Research, of the Ge 


Clement's Inn London, W.C.2) 


saton ate A method is described for separating and determining hexachl orocyclo- 

In ase paper ARES and Wood! described a method for isolating DDT from fatty 
or plant materials, based on its resistance to attack by a mixture of concentrated and fuming 4 
sulphuric acids. Hexachlorocyclohexane (BHC) is similarly stable to this treatment, and the a 

application of this property to the separation of BHC residues and their ‘determination by 
a suitable adaptation of Hancock and Laws’s method? is described here. Results obtained — 
with a variety of foodstuffs are recorded. 
Several fundamental methods exist for determining BHC residues, principally those 

described by Phillips,? Bradbury and Standen‘ and Schechter and Hornstein.® The first 
method, involving reaction of the pesticide with aniline to give a mixture of products that 
on treatment with acidified vanadium pentoxide solution produces a violet colour, has been _ 
studied during this work, but was found to be deficient in two respects; the non- reproducibility | 
of results and the rapid fading of the coloured complex. Bradbury and Standen’s method, — 


satis- Bde ‘pending upon the production of a mixture of yellow -monochlorodinitroresorcinols from _ 
ogical BHC by successive dehydrochlorination, nitration and hydrolysis reactions, has not been f 
inv vestigated. Although more specific for BHC, it i is said to have the Gisadvantage of giving 
of the 


ff duced in the other available ; proce edures. The method most widely ‘used is that proposed 
better by Schechter and Hornstein and adopted by the Association of Official Agricultural Chemists.* 
r and In this the BHC is dechlorinated by zinc and acetic acid to benzene, which is then carried i 
over by a stream of carbon dioxide (generated from malonic acid im situ) into a nitration acid 
hloro- § mixture; the m-dinitrobenzene so formed is isolated and yields a characteristic colour on — ; 
terial. treatment with a suitable alkali and ketone. A modification of this method has been devised 
yields _in this laboratory by Hancock and Laws? fer determining traces of BHC in water and sewage is 
cewiSe effluents. ‘ Hancock and Laws have shown that the use of a simpler apparatus consisting — 
liable of a flask, a condenser and a sintered-glass bubbler is as satisfactory as the more elaborate 4 
edure @ — used by Schechter and Hornstein; it also makes possible considerable reduction in the = 


a ‘time required fc for the reaction to proceed to completion. 

sel | In: _ the work described the size of the reaction flask has been reduced and the design 

ren of the sintered-glass bubbler modified so as to make Hancock and Laws’s apparatus | more> 


ersity suitable for residue analysis. Methylene chloride has been found more convenient than ether — 
°"? @ as an extracting solvent for the m-dinitrobenzene, it being non-inflammable and heavier than 4 
_water. Also, the composition of the nitration acid has been changed to give a less viscous _ em 
liquid and hence a more uniform bubble formation from the bubbler. _ Because of the relatively . en 
large amounts of BHC dealt with in residue work, the dechlorination reaction time has been El Z 
increased from 1 to 1} hours and the time taken for the colorimetric procedure has been a. 
_ considerably shortened by vigorously st shaking the k ketone - alkali solution of the - 
_ _Hexane is used in the proposed method as the extracting solvent for BHC, although . 
previous workers?:® have favoured chlorinated hydrocarbons, as they are considered to be 
free from aromatic impurities that interfere with the BHC determination. Nevertheless, 
hexane has the advantages of complete immiscibility with water, ready ‘volatility and = . 
_ general applicability to the extraction of BHC from plant or fatty material. The aromatic 
impurities in hexane, finally concentrated in the residue, were found to i. removed in a ae a 
stream of carbon dioxide simply by heating the residue under reflux in a glacial acetic acid 
solution of malonic acid before reduction a zinc and acetic acid; distillation? | of some of. 


+ 
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BHC reaction flask—A round- bottomed 50- mi flask having a neck 12- -cm long fitted 

- Condenser—A 10-cm . Liebig | condenser with a B14 cone at the bottom and a B14 socket ti 
_ _ Sintered-glass bubbler—A gas-distribution tube, obtained from A. Gallenkamp & Co. Ltd. : 


Ref, No. 28X2), fitted ae be B14 cone and bent once at right angles and twice at an hoa = 


‘an 


¢ 


Polytetrafluoroethylene—A small piece, 3mm x 5mm, has been 1 used successfully in 
prev enting bumping in a distilling liquid. The same piece may be re- -used many times. BE 
_ Glass tube to hold sodium sulphate—A tube 16mm in bore by 150 meal long, with a_ 
Details of the other apparatus required, viz, mincing extraction 
shaker, chromatographic tube and evaporator | have been described ‘ 
i; Nitration mixture—Mix 1 volume of fuming nitric acid with 5 volumes of concentrated . 
sulphuric acid, both of analytical-reagent grade. Sie ty 
M ethylene chloride—Laboratory-reagent grade. 
Sodium hydroxide solution—A 10 per cent. w/v aqueous solution; it should be freshly 


diluted with water to 2 per cent. w/v before use. 
e 


Sodium sulphate, anhydrous—Analytical-reagent grad 
Ethyl methyl ketone—Distil through a column, and collect for use a sseiciibainn -boiling | 

Potassium hydroxide solution—A 50 per cent. w/v aqueous solution 
Glacial acetic acid—Heat under reflux 500 ml of laboratory-reagent grade glacial acetic 
er with 10 g of zinc for 3 hours,,and distil off ee discard the first 100 ml. Collect the ne next 
- Malonic acid—Fine-chemicals grade. High blank values arising from certain samples 
of malonic acid have been avoided by heating the finely ground acid at 90°C for 3 hours. 


: 


— 
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7 — _ the acetic acid to carry over the impurities was found to be unnecessary. Ot! © interfering B 
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| 

sulphuric acid treatment, in detail for D DDT residues in various 
foodstufis, 1 is also applicable to the recovery of BHC residues. A hexane extract of the E ; 
sample i is treated with a mixture of concentrated and fuming sulphuric acids. After separa- _ 
tion, the hexane layer is decanted through a Celite - sulphuric acid column. . The — 
hexane washings of the sulphuric acid layer are also passed through the column. — 
_ For the proposed application of the method collect the eluate from the column in P 
evaporator attached to a BHC reaction flask. Add 2 drops of liquid paraffin to the hexane ; 
extract, and evaporate to a volume ofa few millilitres. 1 ae os lest traces of solvent vs 
with a stream ofdryairat40°C. = 

 Add2g of malonic acid and 10 ml of glacial acetic acid to the residue in the reaction flask, 


“and heat to boiling. Allow the solution to reflux at the top of the neck of the flask for a 
45 5 minutes. Remove the flask from the source of heat, and cool to room temperature; add - 
a a further 2 g of malonic acid and 1 g of zinc dust, rinsing down the neck with 2 ml of eo 


Immerse the sintered- fae! bubbler i in 5 ml of nitration acid contained i ina test-tube. Allow. 
the condenser water to run very slowly, so that it emerges dropwise. Heat under reflux 
carefully, controlling the heat to generate a steady, gentle stream of bubbles through the 


glass sinter. Heat the flask either directly over a luminous flame from a micro burner or 


on a sand-bath over a bunsen flame. With either method of heating shield the flask from = 
ray After 1} hours lower the test-tube and allow the glass sinter to drain, then rinse 
the latter inside and out with about 20 ml of ice-cold distilled water into a 100-ml separating — 
funnel. Add the nitration acid to the contents of the funnel, rinsing the tube well with ee 
further 20 ml of water. Cool, and extract by shaking for 1 minute with 40 ml of methylene — 
chloride previously used to rinse the nitration tube. Allow the layers to separate, and run ae 
the methylene chloride into a second 100-ml separating funnel. - Re-extract the aqueous — 
layer with a further 20 ml of methylene chloride, combine the methylene chloride extracts ee 
in the second separating funnel, and wash with 25 ml of 2 per cent. sodium hydroxide solution. © 
Run the methylene chloride through a glass tube containing 5 g of anhydrous sodium sulphate 4 } 
(supported by a plug of cotton-wool) into a 100-ml stoppered flask. Successively wash the 
two separating funnels, their contents and the sodium sulphate with | the same 20-ml portion __ 
of methylene chloride, and finally wash the sodium sulphate with a further 10-ml portion. 

To the contents of the flask add 5 drops of liquid paraffin and a small piece of polytetra-— 


_ fluoroethylene; reduce the volume of solvent to 5 ml by evaporation on a steam-ba' Cc . ; 


fully remove the remaining solvent with a current of dry air at room temperature. id 
_ Dissolve the residue in 20 ml of ethyl methyl ketone, and, with a pipette, transfer ge 

aliquot to another 100-ml stoppered flask. Adjust the volume to 10 ml with fresh ethyl a 

methyl ketone, add 1 ml of 50 per cent. potassium hydroxide solution, secure the ia 

and shake vigorously in a mechanical shaker for 3 minutes. Set aside in the dark for 8 minutes | 

to allow the colour to ria fully, ~_ measure the optical density in a 1-cm cell at 570 me 


material ial to a ascertain the blank value of the — i Satie 


Ascertain t the 2 reagent- blank value by th the method. op density 


Prepare a glacial acetic acid solution containing 20 wg of pure gamma-BHC per ml. 
Wi ith a pipette place aliquots of fr of from 1 to 5 mi of this so solution in the BHC » reaction flask tale 
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the densities, less blank, against micrograms gamma-BHC 
present. An open | density of 0-0065 to 0-007 per microgram of gamma-BHC should e 


oil .. 99 0-47 


Olive oil. 16-0 15-4 
BHC was added to various foodstufis; the results of analyses by the proposed method 
are shown in Table I. The fruit and vegetable samples used were known to be free from 
BHC. The history of the fatty materials was unknown. The figures for gamma-B -BHC 


have been corrected for the apparent BE BHC i in material. 


“4 thank Mr. G. A. Mii eant for his hel ful advice. |The pa ay er is ‘published by permission 
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Saccharin can be quantitatively precipitated, as. ‘its. salt, from 
— _ solutions at pH values below 6, , and this fact has been used in evolving asimple _ oes 
and rapid volumetric method for determining saccharin and its preparations. 
den Sodium hydrogen carbonate and sodium cyclamate, if present, do not inter- 
cng fere; interference from chloride is easily overcome by a slight modification — oe “et 
ee ‘The results are reproducible within a narrow range and similar to those ss or 
Or the various methods!+*.8 available for determining s; saccharin and its preparations, that 
cescribed by Richmond and Hill* is the best and has been adopted by official pharmaco-- 
poeias.4.5 _ Although this method is reliable, it is time-consuming and hence inconvenie 
-  Saccharin, being an imide, forms a silver salt analogous to the mercury salts « desc Fi 
by Manson Auld. This reaction has been studied, and a simple and rapid volumetric method 
for the quantitative determination of saccharin and its preparations—sodium saccharin, 


elixir saccharin and tablet saccharin—has been evolved on the basis of that reaction. oe 


materials should be of recognise analy ica -reagen gra 
Acetic acid, 10 per cent. w/w. 


9 Ammonium ferric sulphate indicator solution. bac 
PROCEDURE FOR SACCHARIN, SODIUM SACCHARIN AND ELIXIR SACCHARIN— 
_ Accurately weigh about 0-3 g of saccharin, and dissolve in a mixture of 20 ml of water ar 
® and 2 mi of 2:5 per cent. w/w ammonia solution. (For sodium saccharin, accurately von # 

about 0-4 48: and dissolve in 20 ml of water, and for elixir saccharin, take 5 ml and add is fl 


a bath of ice. the precipitate by ‘suction through a No. 4G. Giter, 
and wash the flask and precipitate with three 5-ml portions of ice-cold distilled water. Acidify — 
the filtrate with 10 ml of nitric acid, add 2 ml of ammonium ferric sulphate indicator solution, _ 
and titrate the excess of silver nitrate with 0-1 N ammonium thiocyanate. | Carry out a blank | 
determination by using the same amounts of reagents, but omit the sample. The difference _ ice 
between the two titres represents the amount of silver nitrate used. (One millilitre of 0-1 nN ae 
silver nitrate is equivalent. to 0-01832 g of of sac saccharin 01 or 0-02412 g of sodium saccharin) .. 
Accurately y weigh a a portion of powdered tablets equivalent to sani 0-6 g of saccharin, — 
“transfer to a 50-ml calibrated flask with distilled water, and dilute to the mark. " Shake ae 4 
for 5 minutes, and filter through a filter-paper. Reject the first 10 to 15 ml of filtrate , and cg 
collect the remainder. Take 25 ml of the filtrate, and continue as described under ‘Pro- oy "a 
cedure for saccharin, gem saccharin and elixir saccharin,” beginning with “Add to the je 
solution 2 ml of 10 per 
a ‘Samples of Saccharin B.P., Sodium saccharin B.P. and Elixir sa PL: 


yeputable manufacturers were analysed by the proposed method and found to contain 
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PARIKH, AND > MUKHERJI: HE DETERMINATION | 

| 98: 49, 99: 89 and 7 7-17 per cent. of saccharin, respectively, each result being the mean of three 

determinations. These results were and similar to those found 


methods*:! 5 (98-89, 99-72 and 7-20 per cen 


OF SODIUM HYDROGEN CARBONATE— whey 


-. the 2 ml of 10 per cent. w/w acetic acid used are sufficient for the amount usually 
"4 present, a study was made to ascertain the optimum pH at which saccharin was quantitatively : 
precipitated. A 0-3-g portion of saccharin was analysed, different ‘amounts of 10 per cent. 
& acetic acid being used. In each experiment the pH was measured with a Cambridge _ 
_ direct-reading pH meter after the solution had been heated in a water bath and then cooled 

to room temperature. The recoveries of saccharin, each being the mean of two ae 


~ Sodium hydrogen carbonate is a common constituent of some saccharin tablets, and, ‘ 


fl 
acid ‘added, or 0 025 os = 1-0 1: 30 


Recovery, % 9537-97-12 98-28 98-43 98-28 98-58 98-58 98-43 98-58 

_ These results show that the recovery of saccharin at pH values below 6 was practically 
‘constant; it is therefore suggested that the pH of the solution be adjusted to less than 6 by 


adding the necessary amount of 10 per cent. w/w acetic acid. rast 


; - Sodium cyclamate i is also a a constituent ituent of some ‘sense tablets, but does not interfere with the 
proposed. method. This was established by separately mixing 0-3-g portions of saccharin — 
_ with 0-1, 0-3 and 0-5 g of sodium cyclamate N.N.D. (Sansugar) and analysing the mixtures. 
The recoveries of saccharin were 98° -28, 98-28 } and 98-58 per cent., ‘respectively, each result 


being the mean of two determinations. = thon 


Chlorides, if present, will interfere, but are easily dealt with by dissolving the 
in warm diluted nitric acid. To study this, separate mixtures of saccharin and sodium chloride _ 
were analysed, 50 ml of 0-1 N silver nitrate being added in order to leave a sufficient excess , 
_ for co-precipitating chlorides. In each experiment the washed residue in the filter was | 
dissolved by treatment with four 10-ml portions of warm 50 per cent. v/v nitric acid, and the | 

resulting solution was titrated with 0-1 N ammonium thiocyanate, ammonium ferric sulphate — 
solution being used as indicator. This titre represented the amount of silver nitrate that — 

had combined with saccharin. The samples used consisted of 0-3-g portions of saccharin ~ 

mixed with 0-1- and 0-15-g portions of sodium chloride; the recoveries of saccharin, each being 

t the mean of two determinations, were 98-03 and 98- 13 per cent. , Tespectively. sat” Sua dh ro 
The results above show recoveries of saccharin between 98 and 98-6 per cent. This — 

is because the saccharin used had an average purity of 98-49 per cent. by the proposed method 

q and 98-89 per cent. by the method recommended in the British Pharmacopoeia. oan 


We thank the management of the Zandu Pharmaceutical Works Ltd., and especially § 
Mr. G. M. Parikh, for the keen interest shown in this work and for permission to publish — 
this paper. _ We also thank Messrs. Eastern Agencies, Bombay 9, for a gift of Sansugar. 


s-van den Driessen, W. H. Pharm. Weekbl., 1907, 44, 245. 


-Richmond, H. D., and Hill, A., J. See. Chem. Ind., 1918, 52, 377. Sag # ial 

4. British Pharmacopoeia, 1958, pp. 570 and 571. — 
5. British Pharmaceutical Codex, 1954, pp. 1127 and 1190. 


Auld, J. Chem. 1907, 91,1045. 
we: Received April 28th, 1959 
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T he Determination of Calcium and. Magnesium i: in ‘Waters ; 


~ 


sity 
f, D. C. M. SQUIRRELL AND I. G. BLACKWELL 
(Imperial Chemical Lid., Plastics Division, Black Fan Road, Welwyn n Garden City, Herts. 


has been worked out. oS Af ter acidification; the sample is boiled to remove carbon — 
dioxide then cooled. appropriate volume of sodium 
solution is then added, together with a known volume of a standard mercuric 
solution. The calcium is then titrated with a standard solution of ethylene-_ 
_diaminetetra-acetic acid in an automatic recording | titrimeter, a bridged — 
- calomel reference electrode and a mercury- plated silver indicator electrode — 
being used. The solution is then acidified and is made appropriately alkaline _ 
with ammonia solution, and the titration with ethylenediaminetetra-acetic | 
acid is continued to give a measure of the total om plus magnesium — 


measure of thet 


THE original purpose se of the work described was to tryt to os the work work of Khalifa, Patsak ae 
Doppler! to the determination, by automatic titration, of the calcium and magnesium hardness Cs 


= 


of raw waters, boiler waters and other industrial waters. _ Some time ago, Haslam and his a 
co-workers had shown that bivalent metals, such as copper, mercury, lead, zinc, etc.,?»8 could | 

be determined by automatic titration; the procedure involved the maintenance of a solution — 

at pH 5-0 while it was titrated with a standard solution of ethylenediaminetetra-acetic acid 
(EDTA) until further addition caused no change in pH. This method as it stood could not Riis 
be adapted to the corresponding determinations of calcium and magnesium, because the we - 
complexes formed by these metals with EDTA were not stable at pH 5-0. Recently, however, ~ 


Khalifa, Patsak and Doppler showed that, if calcium and magnesium are complexed at high 
pH values, the excess of complexing agent can be readily determined by titrating back with — 7 
standard mercuric nitrate solution! A silver-amalgam indicator electrode and a calomel rs ~ 


reference electrode connected to the solution being tested by a saturated ammonium nitrate wees 5 
bridge were used; this permitted calcium and cement to be determined — alone or _ 


> Attempts to put the principle of Khalifa his -worker’ titration method on 


automatic basis, however, were not at first successful, mainly because of the lack of information 
Babout a stable bridged calomel electrode. ~ However, _with the co-operation of Mr. G. P. 
Alcock (Imperial Chemical Industries Ltd., Alkali Division), such a stable system was pro- — 
@vided, and as a result we were able to establish a method for determining total calcium plus — 


Automatic titrimeter—We used the automatic titrimeter manufactured by 
instruments Ltd., although we see no reason why other automatic instruments should 


Reference electrode—This electrode is shown in Fig. 1. The inner saturated-calomel 
reference electrode used was obtained from Electronic Instruments Ltd. This electrode a 
rested on the rim of the outer bridge sleeve, which was three-quarters filled with a saturated wild 
solution of potassium nitrate. This bridge solution should be renewed weekly. © ) 


_ Mercury - - silver amalgam tndicator ¢ electrode—This electrode was _ prepared by fusing a 

silver wire to form a ball of silver ;3 inch in diameter at the end, cleaning the wire and mounting bs ¢ 
it in a polythene sleeve with the ball extending } inch from the end. _ The amalgam coating» y Ay 
was formed by immersing the clean electrode in pure mercury for 3 hours and then washing 

with water. The eléctrode attains stable characteristics and sensitivity of response areedl 

it been used i in one or two titrations. 
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SQUIRRELL AND BLACKWELL: THE DETERMINATION (val. 85 
EDTA 0-004 M—Prepere this ‘solution. diluting a 0-1 M ck 
solution of EDTA made by dissolving 37-23 g of EDTA (the disodium salt of Sequestric acid, 
Obtained fr from Hopkin ‘Williams Ltd.) in distilled water and tolitre. 


- Zine > solution, 0-004 M—Prepare this solution by accurately | diluting a standard 0-1 M 
sted solution of zinc. The stock solution can be conveniently prepared by dissolving the 
calculated amount of AnalaR zinc sulphate, ZnSO,.7H,O, previously standardised ei 
sumed by the 8-hydroxyquinoline procedure, in distilled water and diluting to 1 litre. — 


fom peated Fi a ate 
g. 1. Reference electrode att, prs 


- Mercuric nitrate solution, 0-004 M—Dissolve 1-38 g of mercuric nitrate, He(NO,), H 0 
obt 


ained from the British Drug Houses Ltd.), in distilled wat water containing sufficient nitric 


var Buffer solution, pH 11—Prepare by 1 mixing 100 volumes of M ammonium hydroxide 
with 5 volumes of M ammonium nitrate. 


Hydrochloric acid, approximately N. ay 
Transfer the appropriate volume of sample, as indicated below, to the titration esl 
_if only a 10- or 20-ml sample is required, dilute to 100 ml with distilled water. | ele 
Hardness, as CaCO,, p.p.m. . Oto3 3tol0 10to30 30t0100 100 to 350 
ia Add a few drops of phenolphthalein indicator solution, and, should the solution tum 


stirrer, and the a titration with the “function” ‘switch at MV RISINGE 


and for delivery of titrant at the fast rate up to the end-point setting of —75 mV. (This 
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January, 1960) CALCIUM AND MAGNESIUM IN WATERS BY AUTOMATIC TITRATION 


to be suitable for zinc, calcium, magnesium and EDTA o~ Fig. 2) and i in our expe i 


ow End- -point 
for all titrati 


Fig. 2. Titration curves for various solutions: curve curve B, 


magnesium and excess of EDTA; curve C, calcium and excess of EDTA; 


- With the : automatic burette filled with 0-004 Mr mercuric nitrate, , switch the titrimeter _ 

to automatic titration; the mercury solution will then be delivered at the fast rate and -_— 
slightly overshoot the end- -point setting before the burette valve closes. Leave the instrument 
switched on, and add a further 2-0 ml of 0-004 M EDTA solution; the burette valve will | 
then automatically re-open and the titration will proceed at the slow drop-rate to the: pre-set 
end-point. Read the volume of mercuric nitrate solution used. Replace the sample a ES 

by distilled water, carry out a blank titration, and hence calculate the “usage” due to the — aise 
hardness in the sample solution. In our experience this blank titre is virtually constant for % 
each batch of solutions and need only be checked 


1 ml of 0-004 M mercuric nitrate = 0- 0004 g of hardness, as 
Note—Should a sample of water having unknown history be received for examination and no 
F _ information on the probable hardness level be available, the procedure described below can be adopted 4 
_ to determine the approximate hardness level; if ne a repeat test, as described above, can haat 
be carried out on an appropriate volume of-water, 
_ Transfer 10 ml of sample to a 250-ml beaker, add 10 ml of buffer solution, and dilute to. 100 
_ with distilled water. 
the end-point potential (— 
a 4-ml excess is present, and note the total volume added. < Titrate this excess with 0 004 M mercuric “i “ 

nitrate as described above, and hence calculate the hardness of the water. 

4 


The factor for the 0-004 M mercuric nitrate should be checked weekly as described below. 

_ Transfer 10-0 ml of standard 0-004 M zinc solution to a 250-ml beaker, add 20-0 ml “2 
ro. M EDTA solution and 10 ml of buffer solution, and dilute to 120 ml with = 
water. Titrate the excess of EDTA solution automatically, as described above, with the 
0:04 M mercuric nitrate os A), cues betel out a ar titration omitting only the zinc 


When applied to solutions containing known amounts of calcium and magnesium, es 

calcium chloride and magnesium sulphate, in distilled water, the procedure just described 

gave excellent results. Further, when applied to boiler waters it gave good replicable results _ 

in fair agreement with those obtained by the EDTA colorimetric-end-point method. The 4 

aldition of phosphate to the solution before titration did not affect the test, as i 
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FOUND BY THE BACK-TITRATION METHOD app 
we Figures for hardness are expressed as Cac witl 


Calcium, Magnesium, Total, an 
w/v p.p.m. w/v = 
Gal 


Titrated of 200 p.p.m. p.m. of phosphate, added as Na,HPQ,. 
Duct METHOD FOR RAW WATERS CONTAINING 100 To 300 p.p.m. OF TOTAL HARDNESS 
At this stage, and after various conversations with chemists concerned with water- I 
: wteaie problems, it was realised that, although a potentiometric method for determining 
total calcium and magnesium might be useful for boiler waters, it was desirable to work 
out a potentiometric method that would determine both calcium and magnesium in the 
_ same sample of an industrial raw or process water. In many ways this suggestion was helpful. 
We began to think in terms of the determination of (a) total calcium hardness and (8) total 
calcium plus magnesium hardness in the same sample of water by direct titration with 
_EDTA solution. _ Moreover; by this time - development work had led to the introduction of 
_a simple form of a full-scale recording automatic titrimeter.4 It seemed possible, therefore, @ St 
that we might be able to use this titrimeter for a relatively simple direct titration with EDTA 
‘solution. We hoped to avoid the use of mercuric nitrate as titrant, since we believed that 
there might be some objection to its use in practice. We decided to try the electrode system 
_ described on p. 27 for the direct titration of calcium in presence of magnesium with EDTA 
q solution in a sodium hydroxide medium, both with and without a trace of mercuric ions in 
oe test solution. As can be seen from the recorded titration curves in Fig. 3, the presence 
of mercuric ions greatly increased the sensitivity of end- point detection, and a trace ae 


mercuric solution was therefore added in all subsequent work. 


1 

Fig. 3. _ Titration curves for EDTA solution in presence and absence of ware ®: ] 
_ mercuric ions; (a) 0-004 7 EDTA in absence of mercuric ions; (b) 0-004 M a c 


_ EDTA in preserce of mercuric ions; (c) 0-02 M EDTA in absence of mercuric na e: 
ions; (d) 0- 02 ED‘ A in presence ofmercuricions 
Having sis systcin, many combinations of acid solutions of calcium and 
“magnesium salts were then examined by a relatively simple procedure. — The acid solution 
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end-point had been ach excess of acid and then an . appropriate amount of ammonium — 
hydroxide solution were added ; the titration with EDTA solution was then continued to give ms; 
a measure of the total calcium plus magnesium. ‘alt 
__ The results were most encouraging, and we considered the application of the test to 
industrial raw waters. Examination of the British Standard method® indicated that, for _ 
colourless waters, tests for calcium and magnesium involving a colorimetric end-point were 
applied directly. Accordingly, we applied the principle of our test directly to Welwyn | 
Garden City raw water and to the same raw water containing added magnesium, as mag- 
nesium sulphate. It was soon realised that the results for calcium were in error, especially @ 
when a reasonable magnesium content was present. Welwyn water, like many industrial 
waters, contains high proportions of “bicarbonate, and we realised that direct addition - | 

sodium hydroxide to such waters would not produce a simple system of magnesium 
hydroxide and calcium hydroxide, the latter being titratable with EDTA solution. om 
seemed, therefore, that a necessary step in the test would be a preliminary acidification of | 
the test solution and then removal of all carbon dioxide by boiling before the addition of 
sodium hydroxide and subsequent titrimetry. By using this procedure we obtained correct © 
results for the calcium and magnesium contents of the many samples tested. Failure to_ 


shown in Fig. 4, which were plotted both | with and without breakdown of added bicarbonate — Po 
equivalent to the calcium and magnesium in the same sample of slightly acid water. We 
suspect that nr cominatttes difficulties hinted at in the literature may be ascribed to 
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Fig. 4. Titration curves for a sample of slightly acid water: (a) titrated ers: a 
rect: (b) titrated after of hydrochloric acid and removal of carbon 


The automatic ic recording titrimeter used in this work has been described previously.‘ = 
The only modification was that the injector motor and chart drive were operated by a syn- — 
chronised switch. The titrimeter was adjusted to give full-scale / deflection at 200 mV,a_— 
chart speed of 1 inch per minute and an injection speed, for a 20-ml syringe, of 1 inch _ 


10 minutes. The electrode pair used in conjunction with the pH meter was again that 


EDTA solution, 0-02 M——Prepare by accurate dilution of a 0-1 M solution. 
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awe containing the calcium and magnesium, with a trace of added mercuric ions, was made + yethe 
ic appropriately alkaline with sodium hydroxide solution, and the calcium was then titrated ee, ee 
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Place 100 ml of sample i in a 250- ” beaker, and add 2 drops of phenolphthalein indicator 
solution. Add a 2-ml excess of N hydrochloric acid, and boil for 5 minutes to expel carbon 
dioxide. Cool, add N sodium hydroxide until an alkaline reaction is obtained, and then add 
4 ml of alkali in excess. Transfer the beaker to the automatic recording titrimeter, add 
0-2 ml of 0-004 M mercuric nitrate, and titrate with 0-02 M EDTA solution until the record 
shows that the calcium end-point has just been passed. Switch off the injector motor and 
chart drive, add N hydrochloric acid until an acid reaction is obtained, and then add 1 mi 
of acid in excess. Add 10 to 15 ml of M ammonium hydroxide, and allow the instrument to 
_ stabilise for 1 minute. Switch on the injector motor and chart drive, and allow the titration 
_ to proceed until the end-point for the titration of both calcium and magnesium is passed. 
curves will be of the form shown in Fig. 5 


= 


a Fig. Titration curves for calcium plus 3 
- @ ‘magnesium: (a) standardisation; (6) typical t titration 


titration curve will be of the form shown in Fig. 5 (a). From the curve deduce the point =| 
of maximum inflexion (b), and convert the time taken to reach this point into millilitres of 
EDTA solution. In practice, we have arithmetically this point of maximum 
-inflexion. For ccna, in the enlarged portion of Fig. 5 (a), the changes in e.m.f. difference _ 
(scale divisions) for each 0-1 minute from point (a) onwards are 3, 5 and 2, and maximum 
inflexion is therefore taken as being at 11-64 minutes. Deduce the calcium content of the 
4 sample being tested by reference to its titration curve (Fig. 5 (b)), calculating the amount of 
EDTA solution used to reach point (b) on = curve and using the factor obtained in the ‘ 


standardisation for the EDTA solution, 
In exceptional instances, when the magnesium content is extremely low, the aii 
and total-hardness end-points are so close together that it is impractical to continue = 
oe calcium titration to the point of maximum inflexion; for such titrations we have found it © 
_ useful to make the appropriate calculations by using the end-points marked (a) on both ; 
F sample and standardisation curves. There is no difficulty with the calcium plus magnesium — 


end-point, since the point of maximum inflexion is used in the calculation of both — ‘4 
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* ‘The- results obtained “method was” applied to mixtures know1 

uaa of calcium and magnesium in distilled water, to industrial raw water and to industrial — 

raw water containing added: magnesium are shown in Table —— 

Al 


4 Calcium, , Total, Calcium, _ Magnesium, 


150-4 101-4 | 261: 
200-6 50-6 251- 
200-6 508 2 
219-4 251-2 


_ The method was also applied to samples of water from other parts of the country. These 
samples were kindly sent to us by Mr. K. B. Coates, who had previously examined them _— 
conventional colorimetric procedures involving EDTA. The two sets of results are compared — 
putt 


As the direct might be for titration of calcium and magnesium 
in solutions containing small amounts of other metals, such as copper, iron, etc., the effect _ 
of these metals was investigated. A solution containing 200 p.p.m. of calcium hardness and ~ 
53 p.p.m. of magnesium hardness, i.e., a total hardness of 253 p.p.m., as CaCO, was titrated 
in presence of 10 p.p.m. of each added metal to both the calcium and the calcium plus 
‘Inagnesium end-points. The results are shown in TableIV. © 
a... Iron appears to cause negligible interference at both calcium and total-hardness end- 
points, _ Copper, zinc, manganese and nickel appear to cause no interference at the calcium a a 
end-point, but are titrated at the total-hardness end-point. Aluminium does not cause a 7a 
interference at the calcium end- -point, but is not completely titrated at the total- hardness 4 
The presence of 10 p.p.m. of phosphate, as PO,- -, did not affect either end-point; 
200 p-p.m. of orthophosphate masked the calcium end- -point, but did not affect the total- 
hardness end-point. The presence of 10 p.p.m. of sodium hexametaphosphate did not 
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Figures for hardness are expressed as CaCO,. Ten parts p per million of each sae are ¢ 

added metal Calcium, 7 Magnesium, Total, titrated, 7 

ppmw/v ppm.w/v ppm.w/v  p.p.m. w/v 


‘Direct METHOD FOR WATERS CONTAINING UP TO 10 p.p.m. OF Tork. | HARDNESS — 
The application of the direct method to the examination of waters having an teed: 7 
low hardness, e.g., boiler waters, was considered, and it was found that, when a total-hardness — 
Bway ad was required, the method could be applied directly to the water in the way described _ 


PROCEDURE FOR ‘DETERMINING TOTAL HARDNESS— 
ek ‘Trandier | 400 ml of of sample to a 600-ml beaker, and neutralise to shtinclghtinateien with 
hydrochloric acid. Add 40 ml of N ammonium hydroxide, and titrate 
automatic recording titrimeter with 0-004 M EDTA solution until the end-point for calcium 


plus magnesium is passed. _ Standardise the 0-004 M EDTA solution by titrating under the 
same conditions 5 ml of standard 0-004 M calcium solution prepared from AnalaR calcium | 
carbonate. Calculate the total-hardness content of the water, 
_ When the effect of interfering ions in this test was investigated, 10 p.p.m. of iron, S | 
(100 p.p.m. of aluminium and 300 p.p.m. of phosphate appeared to exert a negligible effect 
¥% the titration of water containing 6 p.p.m. of calcium and 3 p.p.m. of magnesium. a rt | 


PROCEDURE FOR DETERMINING CALCIUM AND | MAGNESIUM HARDNESS— = 
\ 


ra On rare occasions it may be necessary to determine both calcium hardness and mag- 

; nesium hardness, as distinct from total calcium plus magnesium hardness in such a water. 2 

For these determinations we find that it is probably desirable to carry out a preliminary 4 
evaporation of the sample, with subsequent ashing of the evaporation residue to destroy 

: organic matter, before the titration procedure detailed for raw waters is applied. A suitable k. 

ss Evaporate 400 ml of ‘sample to dryness, preferably in a platinum basin, gently ignite 
the residue, and evaporate the ash to dryness three times with a small amount of hydro- 

- chloric acid. Dissolve the residue in hot water, and filter the solution into a titration beaker. — 

Repeat the ignition and evaporation with any insoluble matter remaining on the filter-paper. 

Dilute the filtrate to 100 ml, add 0-2 ml of 0-004 M mercuric nitrate and then a 4-ml 

: excess of N sodium hydroxide. Titrate to the calcium end-point with 0-004 M EDTA — 

After the calcium > end- -point has been passed, acidify the solution with hydrochloric 

_ acid, and add 15 ml of N ammonium hydroxide. Allow the instrument to stabilise, and 

proceed with the titration to the total-hardness end-point. Sriccp-tanes 

"Correct the volume of titrant delivered at the calcium and total-hardness end-points i 

. for the 0-2 ml of 0-004 M mercuric nitrate added to improve the sensitivity of the end- -points, . 

and calculate the respective hardness values; 
_ _ Note that, when the titration curves indicate that all the hardness is due to calcium, 
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hardness is wholly due to magnesium, i. al repeat | determi be carri 
the presence of added calcium. lopletine yaw. capris) 
So far as we are aware, the ied ‘inal od is the first in which calcium and magnesium ee 
are directly titrated potentiometrically with standard EDTA solution. 
. We thank Mr. G. P. Alcock for details of the reference electrode d, dint init _ 
Edwards and K. B. Coates many helpful discussions and samples used in testing 
Khalifa, H., Patsak, R., and Doppler, G., Z. anal. Chem., 1958, 161, 264. 
Haslam, Squirrel, D. C. M., and Heskins, M. , Analyst, 1957, 82, 
Haslam, J., and Squirrell, D. C. M., Ibid., 
——, —, J. Appl. Chem., 1959, 9, 
5. British Standard 2690:1956. potential 


The Electrometric Determination 


Aqueous 


‘ A method depending on the reactivity of chromous i ions oxygen 
described. The chromous reagent is electrolytically prepared in 
= G solution being investigated, and the apparatus immediately detects the 
excess of chromous ions marking the end-point of the coulometric titration. _ 
ion a The method is straightforward, and results are accurate to within less than 


i - 2 per cent. at concentrations as low as three parts of oxygen per septapes 


BECAUSE of the significance of trace amounts of oxygen, ‘methods for its determination at 
great dilution have been accorded much attention. Various modifications of Winkler’s aus 


a 


—@) separate determination of the magnitude of the errors involved, these errors being 
discounted by using correction factors (as described in an unpublished report to 
the Joint Research Committee on Boiler Feed-Water Studies, May, 1953); 


double titrations involving a ab a blank procedure ‘to remove e errors.’ 
We have made use of the reaction between | oxygen | and chromous i ions, ns, which are ss o 
efficient in removing oxygen from a stream of carrier gas.°  d A chromous reagent has previously 
been used in the determination of dissolved oxygen.® ott} 
_ The electrolytic reduction of chromic ions to the chromous state. at lead electrodes hen ny im a 
been investigated, and conditions have been found in which efficiencies as high as 85 per cent. ae 
can be attained.? Complete reduction of dichromate at amalgamated-lead cathodes has a 
but the current efficiency was not stated. ist dente 
itration cells—Relative y concentrated solutions were titrated conventiona y in the 


ce ( Fig .1 (a); more dilute solutions were titrated coulometrically i in the cell shown 
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JAMES AND STEPHEN: THE ELECTROMETRIC DETERMINATION [Vol. 85 
-__ Constant-current source—An electronically controlled constant-current source of the type J 
iv described by Carson® was completely satisfactory. The value of the current was found by J 
measuring potentiometrically the voltage drop across a standard 100-ohm resistor. = 
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Purified nitrogen—Purified nitrogen on for the removal of dissolved oxygen from 
- aqueous solutions. In order to remove traces of oxygen, commercial nitrogen was passed 
through a series of three scrubbing towers containing alkaline pyrogallol and then through 
one tower packed with amalgamated zinc and filled with 0-3 N chromous sulphate in 2 N 

: sulphuric « acid. Finally, the gas was washed by passing it through distilled water, = 


Chromic si sulphate solution, air- -free—A solution was prepared from analytical- reagent 
grade chromic sulphate hexahydrate and, when freed from dissolved oxygen, was stored 
under positive nitrogen pressure in an apparatus of the type described by Stone.%° Oxygen 
Was removed by inverting the apparatus and evaporating at least one-fifth of the water, 

at the same time bubbling a stream of purified nitrogen through the boiling solution. The 

apparatus was then closed to the atmosphere and allowed to absorb nitrogen as it cooled 

_ to 0° C, at which temperature it was closed to nitrogen and re-inverted. When the ambient 

temperature was reached, the air-free reagent was stored under a considerable pressure of 

| _ nitrogen and was used via the burette forming part of the apparatus. 

; ps: _ Acid chromous sulphate reagent solution—An approximately 0-02 M solution of this reagent 

L as prepared from pure potassium dichromate ‘as described by Lingane and Pecsok.! A 


d siatiann standard calomel electrode indicator system was used to standardise the solution 
against 0-02 M cupric sulphate in accordance with the equation— 


The titration was carried out in the cell shown in Fig. 1 (a ). The c cupric sulphate solution was 
placed in the cell by pipette, and oxygen was removed by | bubbling purified nitrogen through 

r the stirred solution for 15 minutes. The solution was then titrated through one of the 
burette inlets. The results were extremely reproducible and indicated that this method of ] 

- oxygen removal was adequate when analysing these relatively concentrated solutions. _ 
“Standard oxygen solutions—Aqueous solutions containing known amounts of oxygen, as 
as 1 x 10 10° per: ml, were prepared as described by James and Murray.” 
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ia 


dilution in 1 the titration cell g gave solutions containing down to three parts of oxygen per 


hundred million parts of solution for a well esta _ The — of this method for preparing 2 
standard solutions (See al also Table I). in 


ible, the ob ped 
the use of polarised inert a a 
acl for po ed indication was yalewrest satisfactory only in the presence of high 
of chloride ion, when the reversibility of the couple improves. In 
-Chromous ion in potassium chloride solution, however, yields a well defined polaro- kee 
graphie wave at an anodic half-wave potential of about —0-4 volt and its presence is therefore 
detectable by an amperometric procedure. The indicator circuit used in these determinations 
was based on this premise and consisted of a galvanometer in series with the platinum indicator 
electrode and a saturated-calomel electrode. It also incorporated a conventional —— 
divider circuit by means of which an opposing potential could be applied to the two electrodes. 
parece connection between the cell solution and the standard calomel electrode was 
stablished via an agar-saturated potassium chloride bridge. 
If, before the end-point, no potential was impressed on the indicator circuit, a variable 
current of maximum value about 0-5 pA flowed in the circuit, owing to redu uction of oxygen. 
By impressing 0-3 volt on the electrodes—platinum positive—this maximum value could | ber a4 


be reduced to approximately 0-05 wA, and the error siieihinasiaie introduced. -into the a rs 


to the for 2 nan was titrated in the cell shown in Fie. I@. cell 

was thoroughly flushed with purified nitrogen before the introduction of the solution. In _ 

Table I, the results of these titrations are compared with those found by Winkler’s method — 

on the same solutions. _In each titration, the solution was made M in potassium setae 

to prevent the setting-up of migration currents in the indicator circuit. = 


Volume Oxygen found, at N. .T.P.— 


In experiment 4 40 ml of water were titrated 


chromic as sulphuric method, = = method, 
ion ions, M f4) pH acid, used, per litre ml per litre 


cllathi of chromic i ion concentration and pH on the end-point was ecmenunnd in this ae 
of experiments. As shown by Table I and Fig. 2, the accuracy and sharpness of the end-point — 
were not appreciably altered by limited variation in either of these 5 
"Preliminary experiments v with a lead cathode and platinum anode for the clecteclpsin 
of chromic solutions having various concentrations and pH values showed that —— 4 


‘ions could be produced with constant current efficiency at cathode potentials below 0-73 volt © 
against a saturated-calomel electrode. However, if the lead electrode was left standing in 


the solutions, its surface rapidly deteriorated, and lead was consequently abandoned in favour — 


of mercury, which has a higher hydrogen overvoltage, 
In connection with the the proposed use of mercury as generator cathode, a study of wa 


br, — 
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d by 
diffusion current in the opposite sense to that just described was detectable as soon aS 
de fg 2” excess of chromous ions had been generated. The steadiness of all diffusion currents was ae — 
dependent on adequate stirring of the solution, 
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JAMES AW AND STEPHEN: THE ELECTROMETRIC DETERMINATION i vith: 
; polarographic behaviour « of chromic ‘sulphate i in 0-1M chloride was useful. The 
chromic ion undergoes stepwise reduction at a dropping-mercury electrode. The half-wave 
potential of the first step, corresponding to the reduction of chromic to chromous ion, 
occurs at —0-9 volt, and the second half- -wave potential, corresponding to the reduction fj 
of chromous ion to the metal, occurs at about —1-5 volts, both potentials being measured 
_ against a saturated-calomel electrode. The polarographic | behaviour is sensitive to changes 
in pH. At pH 1:5, the second step fails to develop and at pH 6 the first wave is poorly 
developed. ~ “An ideal polarogram is obtained between pH 3 and 4, the latter being the natural 
_ pH of 0-001 M chromic sulphate in 0-1 M potassium chloride . From these figures it was 
inferred that when a mercury cathode was used at potentials between —0-8 and —1-2 volts : 
in solutions having pH values between 3 and 4 it was possible to produce chromous i ions with 
100 per cent. current efficiency. No specific experiment was performed to prove this con- 
clusion, but its validity was inferred from the subsequent results of coulometric titrations 


> 


0-1 mi 


of 0-02 M chromous chloride 


Fig. 2. showing ‘accuracy and of aa 


these titrations the cell shown in Fig. 1 wa was used. flushed with 
"purified nitrogen, which, in turn, was completely displaced by mercury. With the tap on 
the outlet capillary closed, the water sample and then air-free chromic chloride solution 
could be drawn into the cell through the appropriate burette inlet by lowering the mercury 
reservoir. A pool of mercury connected to the generator circuit through the reservoir was 
left in the cell to act as generator cathode. The generator anode was approximately 1 sq. cm 
“of platinum foil in saturated potassium chloride solution; it was separated from the contents 
of the cell by a sintered-glass disc backed by a plug of agar and saturated potassium chloride 
solution. The indicator electrodes were arranged as shown in ee, eS eee 
_ Asmall remaining amount of oxygen was found in the particular batch of chromic: chloride 
§ solution used. The amount in 130 ml (the cell volume) corresponded to a generation time of 
6 at 4-110 mA, 1.e., 1-57 x 10-°g of oxygen per litre. This amount was ss determined 


_ 


, it was well within the 
From these results it was conibaded that chromous ions were being prepared with 100 per 
ic, _ The end-points of these titrations were obtained graphically by plotting generator-current | 
time against indicator current, as galvanometer deflection. Typical examples of such graphs 1 
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| Similar titrations were performed on samples prepared by James and Murray’s more : 
-wave the results are sho Ta ARE MIDORI 

io 


i. 


anges S OF ULOMETRIC. RESULTS WITH THOSE BY win ER’S METHOD i 


In each titration the volume of sample used, V, was 50 ml, the generator _ ee ey 


: current 110 ma the time for 130 ml of chloride 


atural 
t was 
volts 
with 


con- 
coulometric method, by Winkler’s method ME 


(OF ADDED OXYGEN “THE COULOMETRIC F PROCEDURE mend 
The correction time was calculated from the expression (130—V)T7/130, in which V is ae - 
the volume of sample taken (in millilitres) and T is the generation time (in ~— ie 


1084. 8 5-15 


130 ml of chromic chloride solution with a generator current of 2080mA 
Volume Amount of Generation “Blank’ Correction Amount of 


of sample, oxygen added, time, time (T), time, oxygen 


4-458 —0-05 


a a generator current of 2-080 (ae 


1-095, 


The results indicate that the proposed method is aieilie sensitive and accurate to ¥ 


- within less than 2 per cent. at the lowest concentration investigated, viz., three parts of oxygen , 
per hundred million parts of water. It has the additional advantage ' that no standard solutions 
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Dithizone 


. A. WEBER* np V. B. _VOUK “eee 
nstitute Medical Research, Yugoslav Academy of Sciences and Arts, Yugoslavia) 


Methods. for t the direct determination of t ‘the molar extinction coefficients 4 
of dithizone and lead dithizonate are described. The optical densities of pes 
extremely pure dithizone solutions were measured at characteristic wave- __ 
= and the concentrations of the solutions were subsequently dete 
_ mined by weighing the dithizone residues after evaporation of the solvent. ‘chatl 
The molar extinction coefficient of lead dithizonate was determined on 
solutions of pure lead dithizonate, the lead contents of which had been deter- ira bisias 
mined polarographically, succinic acid used as supporting electrolyte. 


THE n major 1 difficulty encountered i in attempts to aciin: the molar extinction n coefficient 
of dithizone is the preparation of pure dithizone solutions having known concentrations. 
_ It is almost impossible to prepare such a solution simply by dissolving a weighed amount 
of the solute, since even the purest dithizone crystals invariably contain small amounts of 

Attempts to determine the extinction coefficient of dithizone in carbon 
have been made by Liebhafsky and Winslow v,° by Clifford! and by Geiger and Sandell, but — 
these workers describe neither the preparation of the solution nor the details of measurement. 
An indirect method for determining the molar extinction coefficient of dithizone has been : 
i by Cooper and Sullivan.* This consists in preparing a solution of the dithizonate ; 


of lead, zinc, mercury or silver, destroying the complex, measuring the optical density of 
the liberated dithizone and subsequently determining the amount of metal originally bound | 
to dithizone by a colorimetric dithizone method. The main objection i is that the stoicheio- — 


metry of the reaction, which is generally obtained from changes in optical density, is 


As the purpose of our work was the study of some ‘dithizone e equilibria, of the 
___ Cooper and Sullivan computed the molar extinction on coefficients of lead dithizonate and 
dithizone from the same set of results. Apart from the objection already referred to, their 
= for lead dithizonate was measured at only one wavelength (520 my) and is therefore — 
‘We therefore decided to design a simple and direct method for measuring the extinction 
coefficient of dithizone. The method consists in preparing a solution of dithizone in carbon 
tetrachloride, purifying it by repeated extraction from an aqueous phase and measuring 
its optical density ; the concentration of the solution is subsequently determined by weighing 
the residue after the solvent has been removed by evaporation. Once the optical density 
5 has been measured, the possible formation of oxidation products during and after evaporation — 
3 the solvent has practically no effect on the final calculated concentration of the solution, | 


since the molecular weights of dithizone and its oxidation products differ by not more than — 


__ The extinction cocilicient of lead dithizonate was determined by preparing a solution — 

_ of pure lead dithizonate containing no excess of dithizone a and measuring its lead re Gt 


by an independent polarographic method. used as the supporting 


_ Pyrex glassware was used emai. . Separating funnels were e pear-shaped aan made 
from dark “low-actinic’” glass. Glassware was cleaned by soaking in chromic - 
acid mixture and then rinsing with warm tap- -water and finally with distilled water that 
had been redistilled from @ Pyrex-glass still. © The washing procedure was then repeated with 
ae 10 per cent. sodium hydroxide solution, ‘distilled water, warm dil diluted mitre acid 


9 
* Present a addr dress: The Chemistry Laboratory, South ‘Parks Road, Oxford. = 
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January, 1960] IZONE AND LEAD : 
A Beckman model M pH meter was used for pH mennanement: 
densities were measured with a Beckman DU spectrophotometer:; l-cm fused- 
silica cells were used ome: optical corrections were applied. All measurements were 


“Organic 5 solvent in the apparatus shown in Fig. 42). 

‘Water used d in the of aqueous solutions redistilled from a Pyrex-glass 

_ Carbon tetrachloride—Phosgene and other impurities were removed by distilling analytical-_ 
reagent grade carbon tetrachloride on a water bath in presence of 20 ml of a 20 per cent. ane 
sodium hydroxide solution per litre of carbon tetrachloride and a few crystals of sodium > Tae 
thiosulphate. This procedure was repeated three times and the final distillate was dried = a 
with anhydrous sodium sulphate. After filtration, the solvent was distilled in vacuo at a an 
32° to 34°C. During purification, the carbon tetrachloride was screened from direct daylight. eu 
The addition of ethanol as preservative’? was not necessary. 
Ammonium hydroxide solution, 2 per cent. v/v—Prepared from analytical- teagent | 
concentrated ammonium hydroxide that has been redistilled. ‘hen 

Sulphurous acid, 6 per cent. 
4 Concentrated nitric acid—Analytical- reagent grade acid that has been redistilled. 
Hydrogen peroxide, 100-volume—Analytical-reagent grade. 

lead solution—Analytical- -reagent grade lead was with diluted - 
acid (1 + 1), redistilled water and acetone and was then dried. A 1-0000-g portion was 
dissolved in 5 ml of redistilled analytical-reagent grade. concentrated nitric acid and the ‘he 
solution was diluted to 1 litre with redistilled water. A 25-ml portion of this solution a 


diluted to i litre to ive a sobation containin 25 p of lead er mi. To a 16- ml ortion - 


and the solution was diluted to 100 ml with redistilled tote This solution ‘ntained 


4 f 


§ PROCEDURE FOR DETERMINING MOLAR EX EXTINCTION COEFFICIENT OF DITHIZONE— — a 
About 0-5 g of analytical- -reagent grade dithizone was dissolved in 300 ml of. 
tetrachloride, and the solution was filtered through a sintered-glass filter. The solution — < 
was then transferred to a separating funnel containing 500 ml of 2 per cent. v/v ammonium 
hydroxide solution, which, like all other solutions used, had been previously saturated — 

i nitrogen. The nitrogen, which was also used to replace air in all flasks, separating funnels, 
etc., was freed from oxygen by bubbling it through a saturated solution of pyrogallol in 
25 per cent. w/v sodium hydroxide solution. All the subsequent operations were carried out © 
in a dark room illuminated only by red light. The solutions were thoroughly mixed by 
vigorous shaking, thereby facilitating the transfer of dithizone, as ammonium dithizonate iy 

| from the organic layer to the aqueous layer. By this procedure, dithizone was separated 

from all impurities, including its oxidation products, which all remained in the organic © 

layer3.4 The aqueous layer was then separated from the organic layer and extracted several 4 

times with small amounts of carbon tetrachloride, extraction being continued until the last 7 

portion of the solvent remained colourless. The aqueous layer was then acidified with 

6 per cent. sulphurous acid to convert the ammonium dithizonate to dithizone, and the finely 

dispersed precipitate of dithizone obtained was extracted with small portions of carbon 

| tetrachloride. Sulphurous acid was preferred for the precipitation of dithizone because of © 

| its reducing properties. Since, according to Barnes, sulphurous acid can reduce diphenyl- £) 

§ thiocarbodiazone if it has been formed, it is improbable that any oxidation could take place ; 
in presence of this acid. The purified solution of dithizone in carbon tetrachloride was 
separated from the aqueous layer and was further purified by treatment with 2 per cent. v/v oo 

ammonium hydroxide solution in the way described above. The purification procedure Ar 

was frequently checked by computing the ratio of the optical densities at 620 and 450 mp. 

At this stage, the volume of dithizone solution was 300ml. —si—‘“<ititws i. 

_ The dithizone solution was repeatedly washed with water until it was neutral and was be: ; 

then spun in a a for 15 minutes at 3000 r.p.m. and 25-cm radius to remove dispersed 

solution s obtained was saturated at slightly above 
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“temperature; to prevent possible precipitation during cooling, it was diluted with a small 

amount of nitrogen-saturated carbon tetrachloride. Optical-density measurements were 

made on some of this solution, after suitable dilution; the rest was used in the determination 

_ The concentration was determined by weighing the residue after the solvent had been §f 

removed by evaporation in the apparatus shown in Fig. 1. By using a pipette having a 

capillary tip, 25-00 ml of solution were placed in flask F, ond the air-stream inlet (capillary | 

_tube D) was positioned above the surface of the solution. A uniform and smooth evaporation, 

without loss of dithizone, could be obtained by adjustment of the air-stream velocity (by 

_ means of a screw-clip at E), the pressure and the temperature (by means of electric heater C). 

_ The temperature was never allowed to exceed 50° C.° In order to obtain sufficient solid for 

~ accurate weighing, a total of 300 ml of solution was ev aporated i in each determination. When 
the solvent had been removed, the residue was dried in vacuo. Before it was weighed, | 

flask F was transferred to a desiccator filled with dry silica gel. The drying procedure was 


42 


Aste 
Apparatus for evaporation of solvent oni? tt 
PROCEDURE. FOR DETERMINING MOLAR EXTINCTION COEFFICENT OF LEAD DITHIZONATE— 
100-ml portion of an n approximately 218 x 10-6 M solution of dithizone in carbon 
tetrachloride was placed, by pipette, in a 250-ml separating funnel containing 40 ml of J 
standard lead solution. At these concentrations, a solution of lead dithizonate free from 
excess of dithizone was obtained in the organic layer! after vigorous shaking. The organic 
layer was then transferred to a 100-ml calibrated flask, and diluted to the mark with carbon 
tetrachloride, if necessary. The optical density of this solution was measured at 520 and 
620 mp, the absorption maxima of lead dithizonate and dithizone, respectively. Sainte 
iy The concentration of lead dithizonate in the solution was determined as follows. © he A / 
precisely known volume (40 ml) of lead dithizonate solution was placed, by pipette, in| 
_ a round-bottomed flask, and the solvent was evaporated by heating on a water bath. A 
_ 5-ml portion of concentrated nitric acid was added, and the contents of the flask were evapora- 
_ ted to dryness. This procedure was repeated three times and then 10 ml of concentrated 
hydrogen peroxide were added to ensure the complete destruction of any organic material. 
The contents of the flask, pure lead nitrate, were dissolved in 0-5 N succinic acid and quanti- 
tatively transferred to a 10-ml calibrated flask, 2 ml portions of succinic acid solution being 
added at atime. The lead content of this solution was then determined polarographically."' 
A similar series of experiments was carried out, starting with 25 ml of standard lead solution 
100 ml of 13-6 x 10° M dithizone. 3a 
To. minimise the experimental error, the concentrations of lead and dithizone solutions 
were chosen so that the optical densities of the resulting lead dithizonate solutions were 
between 0-20 and 0-45, in which range measurements with a Beckman spectrophotometer 


“have their greatest precision.* As the optical density of a solution is directly proportional § 
to the concentration of the solute (D = e | for unit pathlength the variance of the molar | i 
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ext tinction coefficient, Ve, calculated | from N pairs of values of D and c¢ is given by the 


in which V> is the variance of the optical density and é is the mean concentration of the 
solute. It is obvious, therefore, that Ve will be a minimum when & (c — @)* is made as large © 
as possible. This can be achieved by making optical-density measurements at two values _ 
of concentration, c, as far apart ; as is consistent with the requirement that the optical density — 
should be between 0-20 and 0- 45. _ Consequently, ' we carried out only two series of experiments, 


one series at a concentration | giving optical densities of about 0- 200 and ord other a 


1)/(N +) 


a optical density, the variance of the molar extinction coefficient is 3 (N — 
times smaller than it is for equally spaced concentrations in the same range 


MOLAR _EXTINCTION COEFFICIENT OF DITHIZONE— _ 
‘Independent ‘measurements of the concentrations and densities 


Bse parately prepared dithizone solutions were made. The optical densities were ntirenor 
at the primary and secondary absorption maxima and the absorption minimum of dithizone, 
620, 450 and 515 mp, respectively, and at the absorption maximum of lead dithizonate, _ 
520 my; the results are shown i in Table I. yu! ‘iT he values calculated for the molar extinction 


; mole per litre x 108 520 my 515 mp 450 mp 
‘ 

0-382 0-082 (0057 0-224 
e, in 


sangeet. VALUES OF MOLAR EXTINCTION COEFFICIENT 0 OF DITHIZONE 


h. A : 

density extinction Standard ‘Coefficient 95 percent. | 
uanti- 10-4) limits (x 10) 
ally. to 
lution 55 


2 
21-0 to 21-8 


at 520 m is useful for the. calculations 
involved in differential of a mixture of dithizone and lead 
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_ Table shows a comparison of with those of other \ workers for an molar 


"The presence 


2-838 0-008 
0-005 


a 


6- 008 


VALUES oF oF MOLAR ‘EXTINCTION ‘COEFFICIENT OF LEAD DITHIZONATE 

density 4 extinction Standard Coefficient 95 per cent. 
wf measurement, coefficient of variation confidence 
limits (x 10-8 


72-4 to 134 

COMPARISON OF VALUES FOR MOLAR EXTINCTION ]ON CORFFICENT 01 OF DITHIZONE Tet 


620 me 514 mp 4650 mp (62 620 a and 450 


30,400 19,000 Liebhafsky, H. A., et t als 


3 
29,700 
3 Cooper, S.S., etal? 


4,600 


; 
31,000 Geiger, R. W., e¢ al.® 
Unpublished D.Phil. Thesis, ‘Oxford University, 1952. 


of impurities, eubdetion products, such as diphenylthiocarbodiazone, is revealed by 
the low values of the ratio of the molar extinction coefficients at 620 and 450 my, as the 
oxidation products have only one absorption maximum, at 410 mp.5.16 The presence of 
oxidation products therefore tends to decrease the absorption maximum at 620 my and to 
I Tp 
 * eee the optical density at 450 my, the net result being a decrease in the ratio of molar J 


_ extinction coefficients at these wavelengths. Geiger and Sandell’s measurements give a ratio § 


1-57; Liebhafsky a Winslow’s and Clifford’s ratios a are e slightly 1-60 and 1- 6, 


res 

1 
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respectively, . but are significantly lower than the value ‘computed from ¢ our measurements 
1:70 + 0-03. The molar extinction coefficient found by Cooper and Sullivan is much closer 
to our value; the difference is about 5 per cent. and probably arises from an error caused by 
the presence of metal dithizonates in the dithizone solution, and, to some extent, to their 
rather complicated experimental technique, which involved the attainment of several 


special attention n has been paid not to this waveleny ngth but to that of 520 my, at which the 
requirements for maximum accuracy in differential spectrophotometry are better fulfilled. — 
Calculations for both dithizone and lead dithizonate have therefore been made at 520 and 
+ By suitably designing the experiments for determining the molar extinction coefficient _ 

of lead dithizonate, it was possible to obtain fairly precise results and at the same time | 
to reduce considerably the number of these rather tedious and complicated siiaionnia. 
The precision attained in emery: independent experiments equally grouped around two well 


were equally spaced throughout the same ran range. ~The 
tended errors of the molar extinction coefficients at 520 and 620 my are approximately a 
oqum, but, in terms of the coefficient of variation (relative standard error), they amount to 
optical- density selene at this wavelength and to the contribution from. extremely small a 
amounts of free dithizone, which may adventitiously be present even when the solutions of _ oo 
lead dithizonate have been prepared in the way described. = 
‘The only previously reported value* for the molar extinction coefficient of lead dithi- — Be 
zonate in carbon tetrachloride is (68-6 + 1-9) x 10%. _ This value is considerably lower than | 
our value and the precision is also much less, for reasons outlined in the introductory remarks — 
to this paper and elaborated when discussing the molar extinction coefficient of dithizone. — 
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VOUK 0. A. WEBER 
nstitute for Medica Research, ‘Yugoslav Academy of Sciences an and Ants, Zagreb, 
a ‘The: theoretical expression for 1 the extraction constant defining partition 
equilibrium between metal in the aqueous phase and metal complex in the ett 
ont organic phase has been tested experimentally and found to be valid over is 
ss @ wide range of pH. The extraction of lead as its dithizonate complex into ay) F 
haat  earbon tetrachloride has been investigated in the pH range 5 to 11 by using 
three aqueous buffer solutions containing ammonia and citrates or cyanides, 
monte the ionic strength being kept constant at 0-3. The extraction constant of — 
i : een is 1-4 x 10-* in presence of citrates and 2-9 x 10-4 in 
7 presence of cyanides. _ The reaction between dithizone in carbon tetrachloride 
_ and lead ions is extremely rapid, and the rate at which partition equilibrium 


is approached requires no special attention. j 
WHEN a weakly acidic chelating HR, reacts with an n-valent cation, to form 


of: wh # -n(HR), + (M"+)y = -(MR,). + + n( (Ht), oh dag 
it has been shown! ? that the partition equilibrium for this reaction can be represented byt the 
following expression for ‘the: extraction constant (kK sett to 


aka This expression is only a useful approximation obtained by making several assumptions,?* 

but it is —- accurate for all practical purposes. When hydrolysis of the metal ion 

in the aqueous phase has to a taken into account, the se sereanten has been modified?+* * to 
“4 


of all forms of —_ remaining in the aqueous phase. - When rearranged and applied | to 
_the lead - dithizone system, equation (3) becomes— 


in which E is the extractability, 1. .e., the ratio of the prea of metal extracted as 


complex into the organic phase to that remaining in the aqueous phase. J 


= = [Pb?+], + [Pb(OH)+], + [Pb(OH)2]o 


“and the hydr hydrolysis sis constants are defined 
and 


quation | (2) was first expetamntally tested in a preliminary. way for the extraction — 

- of zinc by dithizone! and later for some extractions by cupferron.’ Thereafter, papers dealing | 
with different metal - dithizone systems have been published,* © but neither the general 
equation (3) nor its rearranged form (4), _as applied to the lead - dithizone system, , has been 
verified experimentally. The Tesults obtained d when t testing this s equation are the main 
With known hydrolysis see equations (5) and (6), the of the 
extraction constant of lead reduces the determination of the concentrations 


rs Present address: The Inorganic | Chemistry Laboratory, South Parks Road, Oxford. 
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Ja 
of lead dithizonate and free dithizone i in the organic phase in equilibrium with an aqui aqueou 
phase having a known pH. The determination of these concentrations is the chief exper 
_ It seemed that the problem could be solved by differential (difference) spectrophotometry, — = 
| which permits the concentrations of both components in the organic phase to be determined — 
| precisely and does not in any way interfere with the previously established equilibrium. The — 
§ total concentration of lead present in any form in the aqueous phase, [Pb],,, can be computed 
from the difference between the initial concentration of total lead and the amount found in | 
For solving the well known equations involved in differential spectrophotometry 
™ been made of the molar extinction coefficients of dithizone and lead dithizonate already x 
found.48” It was established that solutions of dithizone, lead dithizonate and mixtures of | 
these two compounds obeyed Beer’s law in the relevant concentration range at appropriate ~ he 
wavelengths (520 and 620 my). Equal volumes of organic and aqueous phases were used oe 
this work to the calculations. _Noc corrections in volume 


(2) equation (4) predicts that a graph of x against y should be a staal line, the slope of which rt _ 
sone is numerically equal to K. The regression coefficient obtained by linear regression analysis or E> a 
nS," §j of the pairs of values for % and y will be, according to the method of least squares, the best © me 


The extraction constants were determined by using aqueous phases containing citrates 
or cyanides in the pH range 5 to 11, as such solutions are known to be the most suitable 
6) for determining trace amounts of lead in the presence of several heavy metals, especially 

values of the first and second dissociation c constants of lead | hydroxide, 14,15 the 
sd to hydrolysis constants defined by equations (5) and (6) were calculated to be 3-33 x — 
and 3-57 x 10-*8, respectively. In view of the trace amounts involved and the constant 
ionic strength of the aqueous phase, the use of rather than activities throughout 


we metals in the usual way. In order to avoid the presence of uncontrolled amounts of foreign — ws * 
m4 | substances, especially dithizonate ions, which could have entered the reagents during — - 
at: ' tion procedures involving dithizone, the buffer solutions and other reagents were prepared 4 
s by recrystallising the purest chemicals obtainable and then dissolving them in water. ou i ee 
6) solutions were concurrently treated in the same way as the solutions for partition studies % ee 
r and their lead contents were determined separately in each experiment. These blank values — 
74 were added to the initial lead concentrations, thereby making known “ total lead con- a 
(6) Aqueous phases having pH v values between 5 and 11 were e prepared varying the ratio of 
|. [citric acid to ammonium hydroxide, or citric acid to potassium cyanide, the total ionic strength Bs a 
being kept constant at 0-3. Three series of experiments were carried out; in the first series, _ er 
the aqueous phase consisted of solutions of citric acid and ammonium hydroxide; in the 
second series, it consisted of solutions of citric acid and potassium cyanide; in the third — 
series it consisted of solutions of citric acid and ammonium hydroxide having half the con- 
_ {centrations used in the first series, the ionic strength being maintained by adding the necessary 
concentration of an inert salt (sodium nitrate). The preparation of one of the aqueous solu- 
tions used in the first series of experiments is described on p. 48. 
The dithizone solutions were prepared by diluting concentrated solutions of 
twi ice- a with carbon tetrachloride 


_ Dithizone solutions having three 
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different concentrations were used in each series of experiments. ‘The optical 4 iantiind of 
these solutions at 620 my were 0-540, 0-405 and 0- ‘220, corresponding to 14: 83 x 10-4, 
ate 13 x 10-® and 6-04 x 10-* mole per litre, respectively. The lead concentration in the 
aqueous phase always amounted to a little more than 4- 83 x 10-* mole per litre, and, as 
‘mentioned before, the volumes of organic and aqueous phases were the same. — In the first 
a and second series of experiments, therefore, the excesses of dithizone over the amount required 
- for the formula PbDz, were 1-5 to 1 and 1-15 to 1, , respectively ; in the third series there 
“was a 40 per cent. deficiency of dithizone. 

All pH "enaisieiadas were made with a Beckman model M pH meter fitted with a 
No. 4990-80 glass electrode (pH range 1 to 11, temperature range 0° to 100° C). _ The pH 


the Gamma Co., Philadelphia, ‘U.S.A. Temperature correction was not applied, 
as both standard buffers and solutions being analysed were kept at 20° + 0-5°C during 


In addition to se described previously, the reagents listed below were used—_ 


7 Citric acid, 0-5 5 N—Dissolve ex: exactly 35° 027 ¢ g of citric acid, ei H,O,.H,0, in 1 litre of 


Ammonium hydroxide, 5 N—Dilute 35° 4 of redistilled ammonia solution, sp.gr. 
0 0- 902, to 1 litre with redistilled 
Standard lead solution— Dilute 25 hid of the lead solution containing 100 ug of lead per 


mis to 1 litre with redistilied water in a flask. The contains 


19-ml 0-5 N 21-0 ml of 0-5 N ammonium m hydroxide 4- 00: 
a standard lead solution were placed in a 100-ml calibrated flask and diluted to the mark 
_ with redistilled water. The lead concentration of this and all other similarly prepared 

solutions was 1 yg per ml, #.e., 4-83 x 10-* mole of added lead per litre. As 25 ml of the 

aqueous phase were used in each partition experiment, the total lead content was always 

- 25 pg plus the amount of lead in the blank solution, which was prepared in the way just 
described, but without the addition of standard lead solution. 


_ PROCEDURE FOR DETERMINING DITHIZONE LEAD DITHIZONATE CONCENTRATIONS— 


aa Dithizone was dissolved in carbon tetrachloride previously saturated with water, and 


d a 25-ml portion of such a solution, having a known initial optical density, was equilibrated J 
in a pear-shaped 125-ml separating funnel made from ‘‘low-actinic” glass with 25 ml of the 
aqueous solution described above; the aqueous solution was pre-saturated with pure carbon 
tetrachloride. The contents of the separating funnel were shaken for 3 minutes, and, after 
separation had occurred, a 1-cm optical cell was filled with the organic layer. When necessary, 
the separation of the layers and the removal of water droplets, which cause erroneous optical- 
density readings, were achieved by spinning the separating funnel and its contents, in a 
special trunnion-carrier, in a centrifuge at 1500 r.p.m. and 25-cm radius. 
Each optical cell was filled three times with the organic layer, and optical- density 


See were made at 620 and 520 mu with a Beckman spectrophotometer, carbon tetra- 


chloride being used as reference solution. Corrections were applied for differences between § 
The hydrogen ion concentration at equilibrium was aovesteine’ by transferring the § 
aqueous layer to a beaker after the equilibration and measuring its pH. le Joe eal 
___ By substituting previously obtained values for extinction coefficients and solving the 
_ equations” for two light-absorbing components, the concentrations of lead dithizonate and § 
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the. aqueous et was buffered with citric acid and dean is shown hich 
ne a abl eI. For each PH, the corresponding pair of values for x and y were calculated from : 
quired 
there 


_ densities of solutions A, B and C at 620 mp were 0- 540, 0- 405 and 0-220 
Optical density of a Optical density of Optical density of 
ini organic layer A at— il organic layer B at— 2 a organic layer C at—_ 
| is ayer 620 my mp 620mzp 520mp 620 mp 
9:20 0-338 0-031 
miberxs off OF VARIANCE REGRESSION Sel ci atgest 
elem Source of variation freedom Squares Variance 


— order to assess the significance of the regression, the ratio of the variances due to 


regression and about the regression line was calculated. This ratio is 36, 


respectively. ‘Th 


The regressi n coefficient, which i is ‘numerically to ‘the constant, 
icalculated to be 1-42 x 10% its standard error, ‘SK, being 0-13 x The third series 

of experiments, in which a buffer solution having the same composition but only half the “th 
concentration was used, gave the value (1-39 + 0-18) x 10-%.. This value is not significantly | 
different from the value in the more concentrated solution. i. Similarly, the extraction constant . as 


the aqueous phase containing: tassium cyanide and citric acid was found to 
|, after ‘All the results obtained are shown in Table III. The difference between the extraction 
essary, constant obtained in the second series and that in ' the first or third series is obvious and 


tetra tis 


Second 

ng the 

te and _ The rate of the reactions between dithizone and lead ions was also investigated at four 
diff erent pH values covering the whole of interest, 4-31, 6-24, 7: 48 and 9- 88. 
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"WEBER: THE EXTRACTIO 


shakes. The reaction proceeded s so that no kinetic parameters be calcu 


tated, and the variation in optical density with time showed no trend. _ The results for the® 


= hydroxide - citric acid buffered phase (pH 7- 48), for which variations between : 


measurements are within the limits of experimental error, were— _ 


re 60 180 600 1200 

_ The analysis of variance shows that the relationship between the variables x and y, asdefined 

_ by equations (7) and (8), is linear, i.e., the extraction constant of lead dithizonate is virtually 
independent « of the pH of the aqueous phase. The ratio of the concentrations of lead in the 

_ organic and aqueous phases is also independent of the amount of free dithizone in the organic 
_ phase after equilibrium has been attained. Equation (4) therefore represents the equilibrium 
_ for the lead - dithizone system in carbon tetrachloride extremely well over the pH range 
58 to 11. On the other hand, the application of equation (2) to the same system does not 
appear to be justified, at least not over the pH range in which lead ions are hydrolysed. The 
linearity also gives further evidence that one bivalent lead ion combines with two dithizone 
molecules. This result is compatible with those found by direct analysis,7 a method} 
continuous variations in a two- -phase system,}8 a radiochemical method,’® reversion” J 
and methods involving continuous variations and continuous addition in a monophase con- 
_ sisting of 20 per cent. of carbon tetrachloride, 8 per cent. of water and 72 per cent. of methanol 
and in a two-phase system of carbon tetrachloride and water. However, it is in marked | 
disagreement with Liebhafsky and Winslow’ s result”; they ascribe the ratio of lead tof 
_ The results in Table III show that the numerical value for the extraction cedieedd 
depends on the composition of the aqueous phase. In the presence of cyanides, the extraction 
_ constant is ten times smaller than in the presence of citrates. This means that if all other 
factors, e.g., pH and excess of dithizone, are constant, the amount of lead extracted will be 
smaller when the aqueous phase contains cyanides than when it contains citrates. This is 
in accordance with Sandell’s qualitative description® and with observations by other 
workers,™,?> who have reported differences in the amounts of lead extracted i in the presence 
of different anions in aqueous phases having the same pH. 
The statistically insignificant difference between the extraction constants obtained in 
the first and third series of experiments indicates that the value of the extraction constant 
does not change if the qualitative composition remains the same and the ionic c strength is 
a maintained by adding a neutral electrolyte. 
___ The extractability of lead as lead dithizonate was previously studied quantitatively by 
i Babko and Pilipenko" and Koroleff.* Both papers refer to the narrow pH range around 4, 
which has no practical value for analytical purposes. Babko and Pilipenko expressed their 
results as instability constants, but did not describe the composition of the aqueous phase 
by which a definite pH value had been achieved. Statistical treatment of their results shows 
that the relative standard error of their instability constants amounts to more than 41 per 
cent. A comparison of their values and ours is therefore difficult. Koroleff made only 
one measurement for each buffer, his similar ‘systems have a similar 
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ie AD of Photometric Analysis 


(Department of Chemistry, . Sir John Cass College, London, E.C.3) 

‘action er Reilley and Crawford’s differential spectrophotometric method, whereby 

l other _ @ positive deviation from Beer’s law is used to produce an expansion of scale, has 

will be been applied to the analysis of one-component solutions containing the 
This is perchlorates of nickel, cobalt, copper and chromium. 


other 
esence 


_ of the method, the accuracy and reproducibility were of the same order as a ag 
_ those obtained d by other workers Bastian’s differential ‘method. eed 


DIFFERENTIAL spectrophotometric methods for determining» concentrations have been 
advocated on theoretical grounds since 1939, and the method whereby solute at known 
concentration is used as a reference solution has been used since 1949 by various workers? % ® 
in the analysis of systems containing one major constituent. The method largely 
developed by Bastian and his co- -workers,} <¢ who adjusted the concentrations of reference - an 
and test solutions so as to bring the ‘optical- density reading | into the optimum | range 
performance of the instrument, 1.e., between 0-2 and 0-6. Bastian claimed a thitteen- fold 
increase in sensitivity by this procedure, but the method has the disadvantage of not being 


is due to the wide slit required to obtain the full balance with the reference solution in the © 
beam, which causes non-monochromatic radiation to pass through the solution. In these _ 
circumstances there is a negative gy caged from Beer’s law and a sree decrease in the 
_ Hiskey* pointed out that a large increase in sensitivity could be pawn: by arranging s 
a positive deviation from Beer’s law. A method whereby this could be achieved was proposed ae a 
by Reilley and Crawford,® who gave as the necessary condition the abandonment of the 
“darkness” reference. In terms of experimental procedure the null balance with the reference + 
solution in the beam, ‘found by using the slit-width and sensitivity controls, was no longer’ 
carried out. Reilley and Crawford derived an expression for the gain in | accuracy, which was 
| dependent only on the concentrations of the reference solutions used. The application of 
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___ J the method was considered to be worthy of investigatio i 
Present address: Department of Chemistry, Chelsea Colleg — 


| 
Banks on his co-workers! in the determination of neodymium in - 


yttrium mixtures and uranium in uranium - niobium mixtures, the experimental ] procedure 


was explicitly described by Reilley and in we 


ha ave devised a procedure suitable for use with a Unicam SP500 spectrophotometer. 
_ It is assumed that the concentration of one component in a large number of samples 
is required, the approximate composition of the samples being known. It is necessary to 
Pp repare a calibration curve of concentration against transmittance, ‘to. which | the sample 
__ Foracomponent present at a level of c + xg per litre, it is recommended that the refer ence 


solutions for the ends of the calibration curve contain the desired component in concentrations 
of (c + 2x) and (c — 2x) g per litre. In addition, three more solutions having intermediate | 
concentrations should be prepared, such that the range (c + 2x) to (c — 2x) is divided into § 
four equal concentration intervals. If accurate volumetric apparatus is used, only | ne 
concentrations of the extreme solutions need be determined chemically. 


‘Determine the points of the scale as described Lo 4 


; (i t) Place the standard solution (R) of lower concentration in the 6 first i leabben cell | 


and the standard solution (R’) of higher concentration in a second cell, 
i) Switch to position } No. 1, thus bringing the transmission scale into circuit, expose 


ea photocell, and, with: solution R in the beam and the | transmission scale at 
100 per cent., set the galvanometer - zero by using the slit-width control. = 
ii) (iti) 


) Introduce solution R’ into the beam, set the transmission scale to zero, , and then | 


_ (tv) Repeat stages (#2) and (1#1) successively until the galvanometer balance is maintained 


both with solution R in the beam and 100 per cent, transmission and with solution 


To determine the remaining points, introduce « each of the intermediate standard solutions 
a into the » beam i in turn, and balance the resulting galvanometer deflection with the transmission 


ra Plot a graph of percentage transmission against concentration. The concentration of 
_ any sample solution can then be determined by checking the ends of the transmission scale, 
introducing the sample solution into the beam and balancing the galvanometer de deflection 
_ with the transmission scale. The concentration can be read directly from the curve. onlt - 
Note that there is a limitation to the method, related to the balancing voltage attainable 
by adjusting the dark-current control. It was found that, with the instrument used, it was 
- impossible to balance the transmission scale at zero with solution R’ in the beam if the trans- 
_ mittance of solution R’ was greater than 0-22, which corresponds to an optical density of 

_ less than 0-66. This limitation does not constitute a serious defect in the method, as differen- 
tial methods in in general have lit little or no advantage for so solutions - havi ving optical densities 


A Unicam SP500 spectrophotometer and 4-cm fused-silica 2 absorption cells \ were used. 
The systems studied were aqueous solutions of the perchlorates of nickel!!, cobalt!!, copper! 
and chromium!!1, These systems were chosen because previous work by us had shown 
them to be suitable for analytical measurements in that they remain unchanged over long 
_ periods, being neither oxidised nor hydrolysed, and are relatively unaffected by variations 
in pH and temperature. In addition, they obey Beer’s law, are highly soluble in water 
_and have extinction coefficients of about 10, so that a wide range of concentrations can be 


investigated. The wavelengths chosen for measurement were those of absorption maxima 
determined on the instrument used in this investigation. This ensured maximum sensitivity. 
_ Table I shows the concentrations of reference solutions, wavelengths of measurement and 
calculated scale expansions for the systems investigated. 


set the galvanometer to zero by using the dark- current control. 
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a CALCULATED SCALE EXPANSIONS FOR) SOLUTIONS 
= we as of solution R, of solution R’, scale 
* 

Ss 
_, The concentrations of the reference solutions, R and R’, were determined ee 


4 nickel as nickel dimethylglyoxime, cobalt as cobalt anthranilate, copper as cuprous thio 


Table II shows the results derived from the means of ten sets of duplicate — 
tn ade at different times by one observer, the same instrument and cells being used ‘Caemgnet: 
the means and coefficients of OR of these sets of results are also shown. ia Sun sa 


GRAVIMETRICALLY AND PHOTOMETRICALLY DETERMINED CONCENTRATIONS __ 


found | -photometri- 9355 0-9837 
‘ission -2-4013 oa 9417 0-9866 
24098 

"metrically, g per litre 24091 09860 

it was Coefficient of variation 0-16 0-2 

ity of Discussion OF RESULTS 
fferen-— 


isities 


The mean errors and coefficients of variation shown in Table II can bi qualitatively com- 
a with those of other workers’ results by differential methods. No exact comparison can i 
: made, as the variation between instruments could well be larger than any variation due 


to the difference between the techniques, and, in addition, the sensitivities of the systems 
investigated vary widely. Nickel and copper have been studied by Bastian,!»* and ickel 
by Sutcliffe and Peake®; uranium has been studied by Bacon and Milner,® Susano, Menis and a 
Talbot® and Steele,” all of whom used Bastian’s method in principle. There is considerable Be 
variability among the statistical parameters, but it is not possible to conclude that the more | ae : 
sensitive uranium system has been analysed with ‘greater accuracy than the less : sensitive ae 
uickel and copper systems. A comparison of these results with those obtained when Reilley 

and Crawford’s method was used by us and by Banks and his co-workers’, shows little 
d a in either absolute or relative accuracy. For our results this is to be expected, 

s our increase in scale ragga is roughly the same as that claimed by Bastian’ for = 
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ROSS AND WILSON 


ERRORS IN DETERMINATION OF ¢ CONCENTRATION BY Y BASTIAN ’s METHOD ay 

Number of results Meanerror, variation Reference 


Uranium, as U,0, 0-04 A., et 


of Table III is is not “sufficiently large to warrant the 
of any exact - significance to the statistical parameters. Further, the calculation of the 
coefficient of variation gives a much higher value for Sutcliffe and Peake’s results, as the jj 
nickel content of their test systems was never greater than 31 per cent., whereas the systems 


investigated by Bastian contained not less than 98 percent.of nickel = = Gi... 
Banks, Spooner and O’Laughlin™ determined neodymium, as perchlorate, in neody- titr 
mium - yttrium mixtures; they used Reilley and Crawford’s method® and obtained a mean at 


error of +-0-23 per cent. and a coefficient of variation of 0-45 per cent. for three determinations. §,,; 
The results found for the uranium - niobium system by Banks, Burke, O’Laughlin and 2 
Thompson" cannot be used, as the true concentrations were not given. Again, the results : of | 
are insufficient: comparison, , but t they are. are of the same magnitude as those obtained 


_ Although Reilley and Crawford’s method has. bees tested under unfavourable conditions, i chi 

.., the concentrations of the reference solutions were such as to give low scale expansions, ad 

= results for the systems nickel, copper, cobalt and chromium, as perchlorate, have been §,, 
shown to be as accurate and reproducible as those obtained by Bastian’s method. | ae the 

- unfavourable nature of the conditions was due to the fact that the same concentration intervals “ 
_ between reference solutions were to be used in investigations of multi-component systems; ; Co 


_ these intervals are large owing t to the necessity of f allowing fo for r absorption caused b by inter- 


The experimental work described in this paper contains part of a thesis « submitted by | 


one of us (S.D.R.) for the Ph.D. degree of the University of London. The same author 
his thanks to the Central Research Fund of the University of agrant 
for the purchase of silica absorption cells in this work. = | 

= 
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The Volumetric Determination of Uranium after 
Reduction by Lead in Dilute Perchloric. Acid 
(Goverment Metallurgical Laboratory, U niversity of the Witwatersrand, J South 4 
a uranium; it is suitable for high- grade ores and oxide concentrates. A dilute a9 “a 
boiling solution of the sample in perchloric acid is reduced with geamular 
lead and cooled under an atmosphere of carbon dioxide; after decanting the Bis: R 


n dichromate solution. An intensive study has been made to determine the aon ty 
nature of the interference caused by certain elements. The elements 
- to interfere can be removed by precipitation with cupferron in the oe, ; y 

} acid solution. Several features of this separation have been investigated. po 


compared with those by a standard gravimetric | method. 


titration with ceric or 4 dichromate solutions. Both reductions are 
Sout in a reductor column; in routine work, when many samples have to be analysed, this | 
@reduction step is slow and tedious because each sample requires individual attention. The 


Buse of liquid amalgams | is sometimes recommended, but does not result in any real sav saving 


| To decrease the time taken for the reduction of a batch of samples, several methods — 

have been proposed in which liquid reductants, such as stannous chloride! or titanous chloride 
Bsolutions,?»* are used. These methods are ‘far more rapid because many samples can be 
A jreduced simultaneously. _ They have, however, other disadvantages, e.g., in the stannous mo 


_ chloride method a large excess of the reductant is undesirable and, in the absence of a suitable a: ? = 
_ Gindicator for observing the end-point, the approximate amount of uranium must be known. “a c 


oxidation ai uranium, which is known to be catalysed by the presence of 
Commercial titanous reagents have proved unsatisfactory, as they give high blank values, ree: 
and it is necessary to prepare the reagent from pure oxide or metal. Both these preparations — 
are lengthy and involved. As the precipitation of metallic c is slow there is a tendency ee 
to over-step the end-point of the reduction; if this occurs, results are e high because a large 
. jexcess of titanous solution increases the blank value. 
Because of the difficulties associated with the use of liquid reductants, the use of metals — 
—so convenient in many respects—was reconsidered , but under conditions permitting _ 
seduction of many samples to be more speedily effected. Some attempts have already been 
made in this direction, e.g., uranium has been reduced by i immersing a zinc spiral in the hot — 
solution containing hydrochloric acid’; reduction is rapid, but undesirable features are the 
partial reduction of uranium to the tervalent state and excessive consumption of reductant = 
by the acid. The use of powdered antimony? | has also been suggested, but this is a slow | 
__ In the proposed method uranium is sbenAhe by granular lead in boiling dilute per- 
chloric acid solution and cooled under an atmosphere of carbon dioxide. The solution is 
poured into a beaker and the lead washed by decantation. Ferric perchlorate solution is — 
added and the ferrous ions formed, equivalent to the uranium, are titrated with standard © 
potassium dichromate solution in the presence of phosphoric acid, sodium diphenylamine — 
sulphonate solution being used as indicator. tor 
_ When this method is applied to industrial samples it is necessary to separate the elements _ 
reduced with the uranium. _ As these elements are precipitated by cupferron as chloroform- 
§ soluble complexes, this separation was used for the preliminary purification of uranium. te 
precipitation and chloroform extraction of these elements in perchloric acid solution has 


formed part of this investigation because, although cupferron has been extensively studied — 
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advantages over several other reductants, such as zinc, when used in a 
_ ventional reductor column. Hence there is no reduction beyond the quadrivalent state, 
it is not “poisoned” by nickel and the reduction is more specific for uranium. It was con- 
sidered probable that these advantages would still hold at elevated temperatures. ‘po ae 
7 ___ Perchloric acid was chosen as the medium for reducing uranium not only because redac. 
1 tion is rapid but also because it is an effective solvent for uranium-bearing samples, such 
as oxide concentrates. Further, it is the acid commonly used for the oxidation of organic 
matter that may be introduced in the of elements. Sul-§°' 


of sulphuric and hydrochloric acids prevented coating 
of the lead, but gave blank values for the titration about three times those for perchloric 
acid. A small amount of hydrogen sulphide is formed when these acids are used, and this 
4 may account for the high blank value. A limited number of tests showed that reduction 
= be satisfactory in hydrochloric acid solution and that it should be possible to carry 
out the reduction with a mixture of perchloric acid (if required for oxidation of organic matter) 
_ and hydrochloric acid. However, the mixed acids do not appear to have any advantage 
and the large precipitate of lead chloride that ee may be undesirable. 

commercial sources of lead, namely, , Merck’s and Fisher’s granular lead mesh”), 
have been found satisfactory. ~The 40-mesh particles were removed by screening. Five 

_ grams were used for the reduction, but the amount was varied from 4 to 6 g with rere 
Tesults. _ (A thimble is a sufficiently accurate measure of the amount of lead required.) | 
The reduction of up to 0-5 g of uranium is complete after 15 minutes’ boiling; boiling 
for 27 minutes did not affect the results. A standard time of 20 minutes was chosen. Boiling 
B should not be too vigorous because 1 the acid may become too concentrated and ‘prevent 
For a boiling time of 20 minutes and with 5 g of lead, the perchloric acid concentration 

_ may vary from 2 to 4M; a concentration of 3 M was used in subsequent work. feu! ® 
_ To avoid the possibility of re-oxidation of the uranium the solution was cooled under 


an an atmosphere - carbon dioxide in the apparatus sl shown 1 in Fig. 1. This is the conventional 


Jane 
precipitant in sulphuric and hydrochioric acid solutions, no information was found for 
perchloric’ acid medium, 
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January, 1960) "-REDUCT ON BY ‘LEAD IN DI LUTE PERCHLORIC ACID 
apparatus for cidling: a solution in an inert atmosphere, modified by placing a sample tube 
containing about 15 ml of perchloric acid in the flask to receive the sodium carbonate eel 
This modification was necessary for samples containing phosphate, because, with the con- : 
ventional apparatus, uranous phosphate was precipitated owing to the lowering of the acid — 
concentration by the sodium carbonate, 
_ No difficulty was experienced in separating the solution from the lead by d decantatio 
28 in the presence of acid the lead particles tend to cohere. = | at reg 
The solution was diluted to approximately 300 ml before titration, which g: gave a per- 
chloric acid concentration of approximately 0-6 M. Perchloric acid at 0-3 to 0-9 M was 
also found to be satisfactory. The end- point of the titration with sodium diphenylamine 
sulphonate solution as indicator is extremely sharp. The blank value for the reduction and 
titration is 0-08 ml of 0-05 N potassium dichromate for 0-2 ml of 0-3 per cent. indicator solution. on 
Effect of other elements—Each element tested was added to a solution of uranium and 
treated as described under ‘‘Procedure,”’ p. 60, paragraph (d). The solutions were titrated A 
with 0-05 N potassium dichromate prepared from U.S. Bureau of Standards standard potas- i ko 
sium dichromate. The theoretical uranium equivalent was used for calculating the result. a 


The elements listed below were found to have no significant effect on the result (the maximum 
amount in milligrams of each: element is given in in brackets). 


(20), “nickel (2 (20), bismuth (20), cerium (200), chromium (10), 
. arsenic (45), manganese (2), mercury (10), osmium (5), cadmium (5), thallium (30), an 
copper (10), silver (20), gold (5), selenium (5) and tin (10), 
_ Of these elements copper, silver, gold and tin were plated on the lead. A portion of the 2 
tin is precipitated when the solution is heated to fumes with perchloric acid and remains eae 
Jinsoluble on dilution with water. As may be expected, iron, rhenium and vanadium are 
The presence of molybdenum, added as either ammonium or sodium n molybdate, catalyses — 
; the decomposition of the perchloric acid, and the chlorine evolved inhibits the reduction of | 
the uranium. Not more than 0-1 mg may be present. Antimony is precipitated and cO- 
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precipitates some of the uranium, as shown by the results— 
U,O, added, 62002 2001 0-2006 
U; found,g . 1919 0 1086 2002 


Hence the presence of more than about 1 mg ng should be avoided. Niobium interferes : aon 
although the effect is less pronounced—up to 10 mg are permissible. _ Palladium separates 
on the lead in thin metallic flakes, which are readily detached from the lead and carried 
over into the solution during decantation. This metal has a reducing action on the uranium ~ 
his §and causes high results; however, the effect is negligible for amounts up to 1 mg. A similar | 
luction J effect was observed with tellurium, | and amounts larger than 1 mg should not be present. — 
) calry# When more than 10 mg of tungsten are present, some is precipitated when the solution is bs 
natter) § heated to fumes with perchloric acid. On dilution the soluble portion is partly reduced by . 
jthe lead, but appears to be rapidly re- e-oxidised when the is effect 

this element is shown by the following 


ungsten added, mg 


factory | 
red.) ; Small amounts may be tolerated, but amounts larger than 20 mg should be avoided. The a arty 


boiling §@™ount of titanium present should be less than 0-1 mg, as shown by the following results— = “ 


tee 
O, found, g O-1841 0192801987 (0-205 
sida. It is known that titanium catalyses the atmospheric oxidation of uranium’ and the foregoing 


results can be explained on this basis. The presence of nitrate or free nitric acid in small _ 
amounts causes erroneous results and with large amounts the end-point of the titration cannot 


be substances are, however, remov ed by heating to fumes with | perchloric 
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a If or sulphuric acid i is ; present ‘the lead becomes coated with-lead sulphate 
and low results are obtained. ‘The following results the extent of the 


a prevents the interference of sulphate, but the blank value of the titration is approximately 
trebled. Sulphate in the uranium oxide concentrates (see Table III, p. 61) was completely 
o _ Temoved by ignition at 950°C for 1 hour before solution of the sample. _ If the reduction 
is preceded by a cellulose-column separation of the uranium, sulphate is separated together 

: ih other interfering substances and the ignition step is then unnecessary. — In the early 


_ Precipitation of uranous phosphate when, during cooling of the uranous solution, the acidity 
Was lowered at the point of entry of the sodium carbonate into the solution. _ AS mentioned 
isa this was avoided by the use of the modified apparatus (see Fig. 1). Under these 


conditions up to 20 mg of phosphate, as PO,?-, may be present without disturbance. 


ame 


% The results in Table I show the accuracy attainable by the mated: in the ae of 
interfering elements. results have been rejected | from this series. 


Uranium oxide prepared by solvent extraction in combination with solid a 
was used for preparing the pure uranium solution. 
purity of this oxide has been shown by ‘spectrographic analyes to be AE 


0-3002 


‘THE SEPARATION OF INTERFERING ELEMENTS— 
ia Elements that interfere i in the reduction and titration of uranium can be separated by 
a cellulose - alumina column method.!*."_ The results by this method are shown in Table III. 
The separation has been extensively studied and is now a generally accepted method. A more 


Hence eae more than 30 mg of SO,2- may be present. Addition of 10 ‘nd. of Nidindibtods 


rapid alternative method is the cupferron precipitation with extraction of the cupferrides 
pe Concentration of perchloric acid for the preci ipitation—At a concentration less than 2-4 M 
in 1 perchloric acid, a yellow precipitate of uranyl - cupferron complex is formed. Although 
the precipitate is slight at 2-4 M, precipitation is virtually complete at 0-3 .M. As there is 
some decomposition of the cupferron precipitate above 3-6 M in perchloric acid the 
concentration was kept between 25 and 3M. 


_ Precipitation and extraction of interfering elements—In these tests the aqueous phase 


_ solution were added and after the solution had been set aside for 5 minutes the precipitate 
was extracted once with 10 ml and then with four 5-ml portions of chloroform. The elements 
in the phase, niobium, were determined photometric methods 


_ was adjusted to 100 ml and cooled to below 10°C. Ten millilitres of 6 per cent. | cupferron § 
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january, 1960 
rungstate and molybdenum with stannous chloride. Niobium was detextlnes gravimetrically 


on a micro scale by precipitation with tannic acid. The results are shown in Table tae 
OF ELEMENT LEFT IN “THE AQUEOUS PHASE. AFTER PRECIPITATION 


CUPFERRON AND EXTRACTION WITH 
Two milligrams of ‘each element were added before precipitation Yo 


bi 


Amount of ‘element in in aqueous phase a 
0-017 0075 j|§§ <001 . 0-054 
(0-087 <0-01 05 (0-086 


Loss OF URANIUM IN THE EXTRACTION— 


was noticed that with funnels there 
aqueous phase from the stopcock, and funnels were selected to avoid errors from this source. | pe 
A lubricant consisting of starch paste and glycerine was used in preference to a petroleum jelly. eras 
_ (a) Extraction of uranium as a function of the amount of iron precipitated by cupferron— _ 
Although iron is not the only element precipitated by cupferron it was selected for examination 
because it is normally the major element present in the 2 precipitates | from oxide concentrates: 

_ The solution contained 0-1 g of U,O, in 100 ml of 3 N perchloric acid and from 3 to 30 m .: 

of iron. The iron was precipitated by adding excess of cupferron solution and was extracted 


with four 10-ml portions of chloroform. A photometric method! was used to determine _ 
Suranium in the chloroform, and the 


_(b) Extraction of uranium as a function. of the concentration o f uranium—The experimen 


conditions were as described under r (a a), , except that 0-04 to 1-0¢ of U0. and 6 mg of iron B= nan 


For ‘the amount of uranium that oun normally be present for a macrovolumetric deters 


| mination (<0-3 g of U,O,) the percentage loss of uranium would therefore be small. ee 


cipitate 
lements 


__ (c) Extraction of uranium as a function of the number of extractions—The solution con-— s 
tained 8 mg of iron and 200 mg of U,O, in 100 ml of 3M perchloric acid, and 10 ml of 6 per | 
cent. cupferron solution were added to "precipitate the iron. The precipitate was extracted _ ay 
with six 10-ml portions of chloroform, with 3-minute intervals between extractions. - Uranium ry 
termined in the individual of chloroform, and the 


Uranium in chloroform, mg 0- 098 0: 010 005 0- on 006 


of the iron precipitate. The loss of uranium in the chloroform extracts is therefore not ‘ 
due to any appreciable solubility of the aqueous phase, but either to the extraction of uranium a 
co-precipitated with the iron precipitate or to physical entrainment of the aqueous phase 

in the chloroform saturated with the iron precipitate. The latter conclusion is sported 
by the observation that the first chloroform layer, which dissolves most of the precipitate, is a 
‘loudy, whereas chloroform from the subsequent extractions is crystal clear. The analytical 
significance of these observations is that further extractions beyond those required to remove - 

he of the will not affect the loss of uranium. 
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LE: THE VOLUMETRI c DETERMINATION OF (Vol. & 
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summarise, the amount of uranium lost i in ‘the is small, and 
moderate variations in the amount of cupferron precipitate, in the concentration of the 
uranium in the aqueous phase and in the number of extractions with chloroform do not 
‘materially affect the amount of uranium lost in the extraction. This facilitates the applica- 

“" tion of corrections for the amount of uranium lost when a high degree of accuracy is required. 
This conclusion is supported by the results of determinations of uranium in the chloroform 
extracts of fourteen samples of South African uranium oxide concentrates. The over-all 
variation of the uranium in the extracts did not exceed 0 15 mg and the re loss was 


‘04 per cent. on a 05 5-g sample. meg 
Ferric perchlorate solution—Add 200 ml of 70 per cent. perchloric acid to 120 g of ferric 
_ chloride, . FeCl,.6H,O, and evaporate to the appearance of dense fumes of perchloric acid. 
_ Continue heating with evolution of fumes for about 10 minutes. Cool, add 50 ml of water,| 
and again heat to fumes for about 10 minutes. Repeat the addition of water and heating| 
to fumes once or twice more to ensure the removal of hydrochloric acid. Cool, and dilute § ” 
— upferron solution—Fresh cupferron, as indicated by its white or pale-buff colour, should sul 
used. Dissolve 6 g ofthe solidin 100 mlof water, 
__ Sodium carbonate solution—Dissolve 200 g of anhydrous sodium carbonate in water, 
Phosphoric acid, diluted (1 + 1)—Dilute 500 ml of analytical- Teagent grade orthophos- 
phoric acid with 500 ml‘of water, 
hes Potassium dichromate solution, 0-05 N—Dissolve 2-452 g of | ‘potassium dichromate in 
won, and dilute to 1 litre. To standardise this solution, dissolve 0-3 g of pure U 305 inf 
25 ml of perchloric acid, and continue as described under “‘Procedure,” paragraph (6 ). Ti 
Granulated lead—Lead of about 30 to 40 mesh is required. — _ Remove the —40-mesh 
— Sodium diphenylamine sulphonate indicator solution, 0-3 per Maw 
Marble (or calcite) chips, small. 
-PROCEDURE— yer 
(a) Transfer 0 35 g sof s sample to a flat-bottomed 1- 1-inch porcelain ¢ dish, "place in in a furnace 
s about 200° C, raise the temperature to 950° C, and any the sempte at this temperature 
for about 30 minutes to expel sulphate. 
_ (6) Transfer the sample to a squat | 500-ml beaker, add 2 25 ml of perchloric acid, and heat 
until the perchloric acid boils gently. If ignition is omitted and organic matter is present, 
s 5 ml of nitric acid as well as the perchloric acid. - Precautions should be taken to prevent 
excessive loss of perchloric acid. Continue boiling the solution until the sample is decom- 
_ posed and only the silica remains suspended in the soluti Wash down the walls of the 
‘ — Bask, and again heat the solution until the perchloric acid fumes, and boil for about 30 seconds. 
Cool, dilute to about 50 ml with water, and boil for approximately 1 minute to expel chlorine. 
_ (c) Cool the solution to below 8° C in ice - water, and transfer it to a 150-ml separating 
- funnel by means of ice-cold water. _ Dilute to 100 ml with cold water. Mix the solution in 
the separating funnel, add 10 ml of cupferron solution, and mix. Set aside for 5 to 10 minutes, § 
add 10 ml of ice-cold chloroform, and shake the separating funnel for about 15 seconds. 
Allow to settle for about 2 minutes, and run off the chloroform. Add 1 ml of cupferron 
solution, and note whether any further precipitation takes place. If necessary, add more 
cupferron solution to effect complete precipitation. Add 10 ml of chloroform, shake the| 
_ funnel for about 15 seconds, and again allow the layers to separate. Run off the chloro- f 
form. Continue the extraction with chloroform until the extract is colourless. _ (Usually § ¢ 
three or four extractions are required.) Discard the chloroform extracts. (See Note.) — 
_ (d) Transfer the aqueous solution to a squat 500-ml beaker, add 2 ml of nitric acid, 
_ evaporate to fumes, and allow the perchloric acid to boil gently for about 1 minute. Cool, 
wash down the sides of the beaker, evaporate to the appearance of fumes, and again boil 
the 1e perchloric acid for about 1 minute. © Repeat this step once more to ensure complete 
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AD IN ‘DILUTE PERCHLORIC “ACID SOL 


ll, and expulsion of nitric acid. Reduce the volume of sevdhiloalé acid to 15 + 3 ml. - Dilute 40 shont 
of the 40 ml, boil for 1 minute to expel chlorine, lies a wide- necked 250-ml ‘conical flask, 
pplica-§ Add 5 + 1g of granulated lead, and insert into the flask a ‘containing 
quired, 2 ne of marble about the size of a split-pea and about 15 ml of diluted perchloric acid 2 ; 
roform™ (1 + 4). _ Stopper the flask with the rubber bung carrying a delivery tube, place on a hot- oh - a 
ver-all § plate, and boil the solution gently for 20 + 3 minutes. The volume should not be reduced — 

Ss was fg by more than about 5 ml during the boiling. Without interrupting the boiling, dip the end 

ee of the delivery tube into about 15 ml of 20 Kates sodium carbonate solution in a test- _ a 


_ (f) When cool, remove the delivery ery tube, wash down the sides of the flask, and Ree ‘ + 
the solution into a 500-ml conical (Phillips) beaker. Do not allow the lead to enter the > ae 
beaker. Wash the lead with three or four approximately 10-ml portions of 1 per cent. : 


f ferric 


c acid. perchloric acid solution, and decant the washings into the beaker. Proceed to the next 
—? — (g) Add 10 to 20 ml of ferric perchlorate solution (?.e., sufficient to prov ide an excess), 
- ” set aside for 30 seconds to oxidise the uranium, and then add 15 ml of diluted phosphoric acid 
should (1+ 1). Add 120 to 150 ml of water and 5 drops of 0-3 per cent. sodium diphenylamine 3 
sulphonate indicator solution, and titrate with 0-05 potassium dichromate to the violet 
elites end- point. Pee dichromate solution should be added until the colour reaches its full intensity. = 
ophos- = Nore—If interfering elements are removed by an ether extraction"."! instead d of by cupferron 


precipitation, proceed as — off the ether, add 20 ml of perchloric acid, and continue as" 
series of uranium min oxide samples from South African o ore-processing plants \ was analysed. 


)-mesh f by the proposed volumetric method. All the results obtained are shown in — Ill. a 
. 


ate in 


_ COMPARISON RESULTS BY THE PROPOSED AND GRAVIMETRIC ¢ METHODS 


Uranium found by proposed Saint A. Difference 

found by from 


2 tong 92-52, 92-46 


3 92-92 92-84, 92-70, 66 —0-26 
arating we 92-62 92-04, 92-87 (9290 


sconds. x 3 ww by the p proposed method in Table III are in fair agreement with those by the 
oferron gtavimetric method," which is a modification of Ryan’s method. Compared with other 
i more Volumetric methods, the proposed method is rapid and convenient and the number of inter- | 
ke the fering elements is small. However, it is not claimed that the precision is greater than that pus 
chloro- § 0! the gravimetric method, as an nian — the latter is the large amount of sample that 


c acid, 
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The Determination of Copper and 


Electronics Research Laboratory, 
va 


. -Correr and lead are trace impurities of interest in zone-refined indium arsenide, a group 
‘-v semiconductor material. It was as thought! that copper might | be the cause of some 
of the changes i in indium arsenide observed after heat a and that lead was a probable 

_ impurity, since it was used in the purification of arsenic. A method was required for deter- 
mining the concentrations of these two impurities in various sections of a zone-refined ingot 
_of indium arsenide, and it was considered that a square-wave polarograph would be a suitable 
instrument for such a method because of its high sensitivity. It was found that indium 
_arsenide was soluble in a mixture of nitric and hydrochloric acids and that the residue obtained | 

= the resulting solution was evaporated to dryness was readily soluble in 1 M ortho- | 


: 7 phosphoric acid. In the latter solution polarographic waves caused by the reduction of 


Am major problem in trace analysis. by a a physico-< Se method is the magnitude of F 
» reagent-blank value. In this work blank values were minimised by using transistory § 


- grades of nitric and hydrochloric acids obtained from the British Drug Houses Ltd. These { 
a acids had extremely low copper and lead impurity concentrations (about 0-01 p.p. m.). Itf : 
was found that up to about 0-5 g of indium arsenide would dissolve i ina mixture of 1 ml of , 
concentrated hydrochloric acid and 5 ml of diluted nitric acid (1 +4). Since the copper T 


from results found by using five times the volume required for an analysis. It was thus a 


and lead blank values for these volumes of acids were small, they were usually calculated 
fn the copper and lead blank values were 0-03 and 0-01 wg, respectively, = 
_ The 1 M orthophosphoric acid prepared by diluting analytical-reagent grade vital 
acid had too high a concentration of copper and lead impurity to be used without prior 
purification, which was achieved by an ion-exchange method involving a column of Amberlite 
IR-120(H) resin. After purification the copper concentration was 0-005 yg per ml; the lead 
concentration was undetectable and was calculated to be less than 0-003 yg per ml. Since 
4 ml of 1 M orthophosphoric acid were used in the analysis of indium arsenide, the blank 
_ value for copper was 0-02 yg; the blank value for lead was regarded as zero. The total copper 
% and lead blank values for the analysis of indium arsenide were therefore 0-05 and 0-01 yg, 
Two possible and opposing errors in trace , analysis a1 are contamination and incomplete 


_Tecovery of the trace element during the analytic procedure. Chance contamination from 
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LEAD IN INDIUM ARSENIDE 


the atmosphere was us reduced by protecting the cumple and standard solutions ron atmospheri 
dust. Solution of the indium arsenide sample and evaporation of the resulting solution to 
dryness were carried out in a fume cupboard fitted with a fibre- -glass filter in the air ‘inlet 
and an extraction fan. It was possible a the surface of the sample was contaminated, 


= to the minimum. an a beaker and a Pyrex- 
- 1969] glass polarographic cell were required; before use, these were boiled for 1 hour in 1 M nitric. 
. F acid, thoroughly rinsed with tap-water and then with distilled water and dried in air, protected — 
4q from dust. Each pipette required was reserved during the series of experiments for the | 
_§ Contamination from the apparatus may also occur if the material from which the appara- 


tus is made or impurities in this material are dissolved by the reagents used. | Polytetra- — a 


beakers manufactured by Siemens Edison Swan Ltd. showed that there was no appreciable 7 
change in weight (of the order of 1 mg for a 50-g beaker) when they were heated at 90° C for 

| hour, each beaker containing a mixture of equal volumes of | nitric an and hydrochloric acids. — 
Further, in the experiments on the recovery of copper and lead (see p. 64), the results for 
copper when polytetrafluoroethylene beakers were used agree with those when synthetic . 


fused- silica crucibles were used. fused rey Thermal 


retention of the copper and lead on the beaker. This error was studied by adding known 
f some § weights of copper and lead, as standard solutions, to the mixture of acids, evaporating the ~ 
robable ff solt ition to dryness and determining the weights of copper and lead recovered when the residue _ 
- deter- § was dissolved in 1 M orthophosphoric acid. _ The maximum temperature at which solutions 
d ingot J were evaporated to dryness, by infra-red lamps, was 89°C. It was considered that the lower __ 


uitable ff the temperature of evaporation the less the likelihood that copper and lead would be volatilised. 


cell, ona the weights of copper and lead, as : solutions 10 or 


per ml, were added from calibrated 1-ml pipettes. A continuous square-wave polarogram eh 
was then recorded at a suitable sensitivity setting. The peak heights for each weight of see oe 
copper | and lead added were measured and corrected for volume changes, and ee a 
|graphs were plotted. The results, at half the maximum 


Be a The results for copper are corrected for copper present as impurity in the 1 M orthophosphoric a ‘ 
= qe acid base electrolyte. 4 The half-wave potentials for copper and lead were - 30 and —0-70 Pais ‘ing 
volt, respectively. it can be seen that both calibration graphs were linear. i Ss alee, 


itrated De TERMINATION OF BLANK VALUES— 
iberlite wal ck of diluted nitric and concentrated hydrochloric acids were placed, by ool 
he lead § i, a clean 100-ml polytetrafluoroethylene beaker. (The sodium carbonate solution was added — 
a in order to facilitate solution of the residue after evaporation.) The solution was evaporated hy 
blank § t. dryness under an infra-red lamp, and the residue was dissolved in 4 ml of 1 M orthophos- 
coppet | phoric acid. This solution was transferred to a polarographic cell, and a continuous square- a . a be 
wave polarogram was recorded at a suitable sensitivity. The peak heights for the copper ss 
and lead waves were measured, and the corresponding weights of these elements present were 
determined from the calibration graphs. The results are shown in Table I, in which the 


alti for copper | have been ns for the copper present i in the 1 M orthophosphoric acid. _ 
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Incomplete recovery of copper and lead might be caused by volatilisation while thesolution 
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Diluted nitric 
acid (l + 


; sscoal The procedure used to determine the recoveries of copper and lead was similar to that 


= for determining the blank values, but the required weights of copper and lead, as 


standard solutions, were placed in the cell from calibrated 1-ml pipettes before the mixture flea 
of acids was added. — The residue after evaporation to dryness was dissolved in 4 ml of 1 MG 

d orthophosphoric acid, and a continuous square-wave polarogram was recorded ~ for this pai 
solution. The peak heights of the copper and lead “waves were and the weights 


nitric ‘Hydrochloric Amount of Amount of Amount of 

acid (1 + 4), acid, sp. gr. 1°18, added, copper found, lead lead found, 
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polarograph; this type of ua nas was recorded because small variations in drop-time were 

~ found to have a negligible effect on the peak heights observed. The dropping-mercury 

_ electrode and the polarograph thermostat used were made by Cambridge Instruments Ltd. 
The drop-time was normally 3-5 seconds and the thermostat bath was maintained at 25° C. 

lt -Half-wave potentials were measured against the mercury-pool anode in the polarographic 

cell. Before polarography, solutions were de-oxygenated by bubbling oxygen-free nitrogen 

containing less than 10 p.p.m. of oxygen, by volume, through pera — was & 
obtained from the British Oxygen Co. 


ae _ AMOUNTS OF COPPER AND LEAD FOUND IN NITRIC - HYDROCHLOR i 
— 
— 
a 
= q a erected for the total copper and lead blank values; the results are shown in Table II. . 
— 
= 
— 
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REAGENTS 
Unless 


screw-On Caps; no in any solution v 


Hydrochloric acid, gr. ate ‘18. 
Nitric acid, sp.gr. 1-42. 
Nitric acid, diluted (1 + 4). 


4 


Orthophosphoric acid, 1-0 M—Dilute 70 ml of Judactan W.A.B.A. 
sp. er. 1-75, to 1 litre with distilled water. Purify the solution by passing it through a | 7% 
6-inch x l-inch column of Amberlite IR-120(H) resin. 
Sodium carbonate solution, 10 mg per ml—Prepare Judactan W.A.B.A., sodium 
carbonate. The used was — to contain 2 p.p.m. of and 0-3 p. p.m. .m. of 


1ixture 

of ‘Standard copper ‘solutions—Prepare a solution containing 1 mg of. per ml by 
or this Fdissolving 3-93 g of analytical-reagent grade copper sulphate in distilled water, adding 50 ml | 
veights of concentrated sulphuric acid and diluting to 1 litre with distilled water. Dilute 10 ml of | 
re cor- this to with sulphuric acid (1 + 


(Judactan. A. B. sulphuric acid was weed; this was ‘found to contain less than 
_ Standard lead solutions—Prepare a solution containing 1 mg of lead per ml by dissolving 
I-60 g of analytical-reagent grade lead nitrate in distilled water, adding 50 ml of nitric acid, 
_ Isp.gr. 1-42, and diluting to 1 litre with distilled 1 water. _ Dilute 1 10 ml of this solution to 1 litre 
10 pg of lead. Arnal wt 
10 ml of this solution to 100 ml with water. 


_ Iml=1, ug we of lead. 


(Transistory § grade 1 nitric acid was used; this was found to contain less than 0-01 p.p.1 m. 


= sample was cut cutting wheel from a f a zone-1 refined of indium 
arsenide, and any wax present was removed by a suitable organic solvent (wax was used to = 
mount the portion of the ingot on the cutting wheel). The sample was etched toa mirror 
surface in a mixture of 8 ml of concentrated nitric acid, 1 ml of glacial acetic acid andl1 ml 
of 40 per cent. _hydrochloric acid. It was then rinsed, washed several times with distilled — ae 
water and dried in air, protected from dust. _ The sample was then weighed, placed in a clean 
polytetrafluoroethylene beaker and rinsed with distilled water. By pipette, 5 ml of diluted — 

nitric acid (1 + 4) and 1 ml of hydrochloric acid, sp.gr. 1-18, were placed in the beaker. 

(It was unnecessary to add 10 mg of sodium carbonate to this solution, as the residue rg ol 

after subsequent evaporation was clearly visible.) — 


in a fume cupboard. ” Under these conditions a 0-5-g sample of pA mee arsenide a 
within 30 minutes. When the sample had dissolved, the cover was removed, the beaker 
was placed under an infra-red lamp, and the solution was evaporated to dryness. (It took — 
about 90 minutes to obtain a dry residue.) ~The residue was dissolved in 4 ml of 1 M ort ho- 
phosphoric acid, added by pipette, the solution was transferred as completely as possible A +3 

a polarographic cell, and a continuous square-wave polarogram was recorded at a convenient x 4 4 
sensitivity. Since the polytetrafluoroethylene beaker was not wetted by the solution it was 

a to transfer the latter to the cell with little loss; experiments showed — the ve 
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“i The determination was completed by a standard-addition method in which 0-5-, 1- or 2 2-ug 
- amounts of copper and lead, as standard solutions, were added to the solution in the polaro- 
_ graphic cell, and a continuous square-wave polarogram was then recorded. — From measure- 
ments of the peak heights of the copper and the lead waves, the weights of copper and lead 
in the sample were calculated. It was found that the peak pees for a saci concentration 
of copper and lead varied with the weight of — pe 
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Weight indium sample, g 
Fig. 1. Graph : showing variation in copper and lead 
sensitivities with weight of indium arsenide sample: ‘bok by. 2 
measured at one-quarter maximum sensitivity for a tong 
vin le 
concentration of (0-25 of copper or lead er mi 


_- These variations in si heights, ipaeeps Fig. 1, were reproducible to within 10) per 
except on for lead when the weight of the indium arsenide was 


Some results for of copper and lead in indium arsenide are ing 
Table III. Fig. 2 shows the ‘Shape of a — polarogram for a sample of indium arsenide 


‘Retin in are the recommended level of ‘detection 
4 “se wt eight of Weight of Copper Weight of 


found, p-p.m. found, 
A All cut from same portion ingot 0-3047 det 
0-4152 0-42 1- 


Cut from near impure end of ingot 0: 0- 30 oe 


from extreme tip of impure end As 
Cut from near pure end of ingot 0-3659 © N 
Cut from middle of ingot 0-3536 0- 
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Cut from near pure end of ingot 
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Januar, 1960) COPPER AND LEAD IN INDIUM ARSENIDE 


and Fig. 3 shows the  poleragram. recorded when 1 yg each of copper a wats were added 


to the same solution. In Fig. 2, the wave at —0-20 volt is caused by 0-13, 13 wg of copper — 
and the small inflexion_ at volt is caused by about | 0- 01 pe of lead. It is evident 


phosphoric acid alone and are similar to the values found in a chloride base electrolyte. | It 
s must be presumed that there is sufficient chloride present in the residue obtained before solution es 3 
in] M orthophosphoric acid to cause this can = in Fig. 


Fig. 3. Continuous square-wave 
sensitivity for the 0: 2412-g imum sensitivity after adding 
from indium arsenide each of copper and lead to 
Table III | solution that gave the polarogram 
that, after about —0-5 volt, the pen of the recorder goes off the on he This is the beginning = 
of the reduction wave for indium, which interferes to some extent with the preceding lead 
wave. The interference increases as the concentration of indium is increased and makes it mn 
| more difficult to measure the peak height of the lead wave. This difficulty may explain ¥ We 
the lack or reproducibility in the peak-height variation for lead when weights of sample — 
. _ The results for the determination of copper and lead added to two samples of indium = 


The results in Tables I and II show that, in general, the determination « a eta an 
lead blank values gave consistent results and that recoveries of copper and lead added to he i 
nitric - hydrochloric acid mixtures were satisfactory. For the lowest weights of copper and © 
lead added in the recovery experiments, it can be seen from the results on p. 63 that the 
peak heights were low at half the maximum sensitivity; errors of about 0-1 inch in measuring ao 


the se ‘peak heights would therefore have relatively large effects. this work, the highest 
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COPPER “ANI LEAD FROM “INDIUM ARSENIDE 


Samples were cut o near a portion o of the ingot found to contain about 0-2 2 p.p.m pa 
wa 


| Weight of sample, present, lead present, lead found, 


"sensitivity at which the polarograph could be used was half of the maximum ; at maximum 


_ sensitivity a complete polarogram could not be recorded on the chart, 
_ The results in Table III for the determination of copper show some interesting features. J 
‘The samples cut from ingot A were from approximately the same portion of the ingot, and 
it might be assumed that some of them would have the same copper concentration. *This Ir] 
_ assumption is supported by the results for the first four samples, which are in close agreement. can 
_ The results for copper in different portions of ingot B show that there was a relatively large |, 
_ concentration of copper in the extreme tip of the impure end. A relatively large concentration 
of lead was also found in this extreme tip, which suggests that these two impurities were 
concentrated at the impure end by the zone-refining process. 
_ It is considered that the proposed method for determining copper in indium arsenide 
_ applicable when the weight of copper in the sample is at least as large as the blank value. 
for copper, i.e., 0-05 wg. For this weight of copper, however, the probable error is large, 
_ since from the recovery experiments with 0-05 yg of copper an error of +40 per cent. is possible | 
and the accuracy of the standard-addition method used may be as low as to within +10 per 
cent. The total probable error is therefore about +50 per cent. - However, as the percentage 
error in the recovery experiments for copper decreases as the weight added is increased, it 
is considered that the probable error for the determination of copper in indium arsenide 
decreases as the weight of copper present in the sample increases. This conclusion is supported § ; 
by the results in Table IV; when 1 yg of copper was added to an indium arsenide sample, the 
recovery was at least greater than 80 per cent., #.e., an error of less than 20 percent. =, 
The results for lead in Table III show that the amount of lead present i in zone-refined a 
indium arsenide was generally too low to be determined with any accuracy. Although theff, , 
blank value for lead was 0-01 yg, the sensitivity for lead was much lower than that for copper f th 
and it is considered that 0-1 yg is the lowest weight of lead that can be determined. The§ + 
probable error at this level, arrived at by considerations similar to those just discussed for § |,, 
copper, is about 50 percent. The results in Table IV show that the probable error is decreased § ,,. 
_ to about 20 7 cent. when larger weights of lead, e.g., 1 wg, are present in the sample. a Pp 


th 

Iti is considered that 0-05 pg of copper can - determined in 0:5 g of indium arsenide, or 

a 4.e., a copper concentration of 0-1 p.p.m. Since it is not recommended that weights of sample le 


greater than 0-35 g of indium arsenide should be used in the determination of lead and 0- “Lug fle 


of lead can be determined, the lowest lead concentration determinable is about 0-2 p.p.m. Jw 
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A Potentiostat for Electro- “gravimetric Anal 
___ By J. F, HERRINGSHAW an P. F. 


n the instrument described the “error voltage”’ is fed into a d.c. amplifier _ 
_ based on two cathode-coupled pairs, thus avoiding the need for a high degree 
of stabilisation of the high-tension supply. T he amplified signal operates — 
a relay system controlling a motor that alters a variable transformer in the © 
Special features include (i) a sensitivity of +2-5mV, (ii) high zero) 
stability, (ii7) high input impedance, (iv) the relay-controlled motor is stopped Bre . 


3 


I 


“dead” as soon as the signal ceases and (v) a high degree of ce weal ate ; 
discrimination in the electrolysis supply circuit. 


It has - densi for many years that a marked increase in the acstsilp of electro-analysis 
can be obtained by controlling the cathode (or anode) potential. No great use was made of 
the method, however, while control of the potential had to be obtained by manual adjustment _ aA 
of the voltage applied to the electrolytic cell; the process is tedious and time- -consuming 
and the control achieved is inexact. With the appearance of devices to control the potential — 
automatically (potentiostats), the method has become more popular, particularly in the U.S. a 
““@ where about a dozen instruments have been described. Some of these are simple in design, © a 
ue @ but of limited application ; however, in the main they are based on fairly complicated electronic 
scircuits. Details of a few circuits have been published in this country, but it is fairly true 

to say that the method has not been applied here to any extent because of the lack of suitable Pie 


_ Most, but not all, potentiostats are based on the following principles: @ the e.m.f. of | 
eed 9 the cell formed by the working electrode and the reference electrode is connected in series- 

e 


opposition with the required e.m.f. set on a potentiometer, (6) the resulting “error voltage” _ 
ported Hi. amplified and (c) the amplified signal is used to actuate a motor that alters a variable trans- “4, 
ole, the B former or resistance in the circuit supplying the electrolysis current and thus alters the a ss 
Tefined j “” Two main systems of amplification | are used. In the first, the error voltage is fed into 
igh thefi converter, where it is chopped into a.c. This is then amplified, usually to power level, when 
COPPETH the amplified signal is fed to : a reversible two- -phase motor arranged so that the ‘direction 
| of rotation of the motor is governed by the sign of the error voltage. This sytem is particu- 
larly popular in the U.S.A., where the Brown Elektronik indicating potentiometer has been 
vex Bused directly with little modification. _ It is also the basis of the instrument described by | 
le. . Palmer and Vogel, who made the desirable addition of placing a cathode-coupled pair = 
tap _ [the converter, thus increasing the input resistance. Alternating, current amplification ae 

ithe advantage that it does not require stabilisation of the voltage of the power supplies; 
rsenide, § on the other hand, instruments based on the above-mentioned system tend to be bulky and. 
sample less readily adaptable for other purposes. The possibility of amplifying the a.c. to a lower — 
d O-lug level and applying the amplified signal to the grids of a phase-discriminating double triode _ 


with relays in the anode leads does not appear to have been exploited. 
nd _ Alternatively, the error voltage is fed into a d.c. amplifier and the output is used to — 


a operate relays controlling the rotation of the motor. If a simple direct-coupled d.c. amplifier 


Gis used, the voltage of the high-tension and heater supplies must be stabilised. Consequently 
ee | : the power supplies are somewhat complicated or, if partly or wholly derived from batteries, ey 
__ JJinconvenient. Chambers? appears to be alone in using the more stable push - pull type of hah 

06. 7 dc. amplifier. He used one stage of amplification followed by a galvanometer relay of un- . 
«stated sensitivity. — _ The instrument described here is in some respects an extension of oe 

vention, § The galvanometer relay has been replaced by a less sensitive but more rugged relay, the : 

yong cUuSitivity of the instrument increased and a number of improvements have been introduced. 

eras: ___ In designing the instrument described, we were guided by the criteria stated by Milner ae 

=e and Whittem? and also by the desire to make the instrument as versatile as possible without = * 


undue complication. | The general plan of the instrument is shown in Fig. 
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aa “Fig. “General plan of instrument 


of its e.m.f. portal It can be replaced if a constructed § 
in the laboratory, provided that it is of high quality. Several instruments described in the 
literature contain instead a potential- -divider circuit and voltmeter; in our opinion this is 
Some instruments incorporate a valve voltmeter to measure the cathode potential f 
independently of the controlling circuit. This introduces a further and unnecessary complica- 
tion because a valve voltmeter is not a particularly accurate method of measuring an e.m.f. 
_ In the instrument described any deviation greater than 2-5 mV in the cathode potential from 
- the prescribed value is indicated by the relays. If further information is required, a milli- 
_ ammeter may be placed in series with the moving- -coil relay, RL,. The meter can be calibrated 
_ for given error inputs, and thus a fairly accurate measure of the deviation in the — 


_ For this use is 3 made | of. the cathode-coupled pair, which ¢ ee two valves with a 

_ resistor in the common cathode lead. The signal is fed to the grid of one valve and the 
grid of the second valve is held at a fixed potential. The output is drawn from across the 
‘ anodes. The use of a push - pull circuit and the negative feedback provided by the cathode 
resistor gives considerable stability, but reduces the gain. The system is much less sensitive 

_ to variations in the high-tension voltage than is a simple direct- -coupled amplifier, and so quite 
: simple stabilisation of the high-tension voltage (gas-discharge tubes) is effective. _ Stabilisation 
a Two such stages of amplification are used (see Fig. 2). In the first, the error-voltage 
_ input is connected to one grid of a double triode. In order to obtain sufficient amplification 
_ at this stage it is necessary to raise the voltage of the signals to the grids. (This is done by 
_ means of a 15-volt battery, which supplies negligible current and therefore has very long life.) 

‘ The resistance in the anode leads is large in this circuit so as to obtain good voltage ampli- 
fication; for a high-resistance load the voltage amplification obtained in this stage is 20. 
_ The output from the double triode is connected to the grids of two selected* output valves 
a connected). The output from this stage is co: connected across the moving-coil 


* This selection is not critical and consists in choosing two valves not markedly different; usually 
the first two tried will be satisfactory. We found no evidence for the need to select the double triode valve 
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_ fof this zero setting was never found to correspond to a change in the error - signal of more 
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The moving-coil relay RL, has a resistance of 700 ohms and a minimum op operating 
van current of 125 pA when the two coils are connected f in series. — Positive action of the relay only 


_ which is below the maximum operating c current (10 mA) ofthe relay. Consequently, whatever at a 
the state of unbalance of the input circuit the relay cannot be harmed. Se 
; _ The moving-coil relay is capable of switching up to 50 volts d. c. and thus of controlling ove! 
directly the P.O. type relays (RL, and RL,) that operate the motor. _ However, in order mcr: 
_ to obtain better operation of RL, and also to extend its , the larger relays are en pora 
via a conventional valve circuit (see Fig. 3). varl 


a 
& 


= Fig. 3. Circuit diagrams of (a) d.c. supply for stopping motor, and (c) lowe ne 
voltage d.c. supply (for of components, see Appendix, p. 74) dir 


The two larger relays control the motor driving the variable transformer T,, the contacts" 
( being connected so as to cause rotation of the motor in either direction, depending on which 


_ relay is operated (see Fig. 4). It was found desirable to stop the motor “‘dead”’ as soon as 
: either relay opened the a.c. supply circuit; this is achieved by simultaneously switching i ing 


a 50-volt d.c. supply to one winding of the motor. A further set of contacts on the Telays 
: is used to control lamps that indicate in which direction the motor is turning. ee 
__ The motor (Drayton ROR, capacitor-induction type, speed 1-09 r.p.m.) is connected § 
via a chain and a friction drive to the arm of T,. © The chain drive serves to reduce the speed th 
_ of rotation of the transformer arm to 0-33 r.p.m., a speed giving sufficiently rapid correction {st 


= hunting. The friction drive prevents the a arm from being turned too far and als ce 


This is of the conventional type (see Fig. “ts , but particular attention has been { paid to : 
the smoothing and to the discrimination, #.e., the smallness of the step by which the athe 1) 
The a.c. mains are connected to the variable transformer T,, which is hennd-<openiied: ap 
The output from this is connected to T,, which in turn is connected to the step-down trans- fo 
former Then with T, at its maximum setting, the voltage supplied by Ts i is 
variable between 0 and the rated of T; by of 


— 
— = 
Be, a ) ae that at high (~ 100 mV) inputs the amplification becomes non-linear and at still higher tests 
— 
— 
| 
? 4 
#3 
4 
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x 
1e a.c. from T; is rectified by a bridge selenium rectifier and the resulting wile te is ao cae 
smoothed by the circuit shown. - Most of the previously described instruments incorporate | a 5 “aa 
only a single- section filter with a much smaller choke; tests on such circuits showed that | he 4 
at currents of the order of 1 amp the ripple was far too large. . With the circuit described here, 
era tests made in typical electrolyses showed that, for a cell resistance of 1 ohm, the ripple in the 
em.f. of the cell formed by the cathode and reference electrode did not exceed 3 mV (r.m.s.) _ 


at a current of 2-5 amps; at lower currents the ripple was considerably less. — the tents 


ont 


wa". 


| —f Whatever the smoothing circuit used , d.c. supplies of this type show poor regulation oo : 
trolling over their Tange, the output voltage considerably as the gos taken 

1 order 

erated 


Jt 4 To lamp ay 
apn 


emen con si 
- With our our circuit the best discrimination i is obtained as follows. At the beginning of 
‘the electrolysis, T, is set at its maximum with T, set at zero so that ‘the motor drives in a a 42 
direction that would i increase the output from T,. “The output from T, is then slowly increased 
until the motor reverses direction. As electrolysis proceeds, a "smaller applied voltage is — 
required and so ) the output of T, is decreased, the effect being enhanced by the poor regulation ; # 
the latter also causes the discrimination to become less good. _ Consequently it is desirable ni 
at some suitable stage, e.g., after washing down the electrolysis vessel when the current has _ 


sfallen considerably, to reduce the output of T, so that T, again near its maximum 


anected | 
e speed fit} 


the potentiometer, and set it to the value. Connect the electrolysis 
and reference electrode to the Switch on the remaining circuits. Adjust 
_ Although the instrument described is an ew for use in electro- “gravimetric 
procedures, it can also be used for separations at a mercury cathode at controlled potential, — Be, 
coulometric analysis at controlled potential and electrolytic preparations at controlled 
spotential. The amplifier is such that a relay can be made to operate at a given — 
1 trans- Hor small current input, and therefore this part of the instrument can be used in automatic — re 
nuously potentiometric apparatus, coulometric titrations: with an amperometric, 
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awe are well aware of improvements that could be made to the instrument described, 
the use of newer valves in the amplifier. However, the instrument has been thoroughly 


; ‘ested and has given all of the @ service over the past 3 ae ih when it has been used by a number 
~ List | OF COMPONENTS USED ) IN THE CONSTRUCTION OF THE INSTRUMENT 
4 = 6SN7 valve. ab 
valve. 
5Z4 valve. 
Moving-coil relay, Blectro-methods Ltd., te 416. 
5000-ohm double-pole change-over relay w tungsten 20, 
Philips variable 2-amp transformer. 
Transformer of any suitable value, 15 volts at 5 amps, 
350—0-350 volt transformer. 
40-henry choke. 
16-yF electrolytic condenser, 500-volt working, 
400-uF electrolytic condenser, 150-volt working. 
= 2000-uF electrolytic condenser, 24-volt working. 
4000-yF electrolytic condenser, 24-volt 
]-megohm 1-watt carbon resistor. _ 
6000-ohm 10-watt wire-wound resistor. 
100,000-ohm 5-watt wire-wound resistor. a 
25,000-ohm 3-watt wire-wound variable resistor. _ 
3300-ohm 20-watt wire-wound resistor, 
= 5-watt wire-wound resistor. 
100-ohm 5-watt wire-wound resistor. 7 
= 5000-ohm l-watt wire-wound resistor. 
470,000-ohm carbon resistor. = 


= Y axley make-before-break switch. _ 


Not. shown are ‘ities on the a.c. supply to the amplifier, the motor ae the d.c, 

‘ supplies. __ If desired, a switch may be incorporated in the appropriate grid lead in the valve 
. = circuit so that the instrument can be made to control in one direction ee 
___ The whole is housed in a standard Imhof case 24 _inches x 12 inches x 15 inches 


Palmer, J. F., and Vogel, A. I., Analyst, 1953, 78, 428. all, 
2. Chambers, F. W., J. Sci. Instrum., 1950, 27, 

Milaer, G. W. C., and Whittem, R. N., Analyst, 1952, 77, 11. | 
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0-5-yF 350-volt working paper condensers across the contacts of the P. m relay 
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THE DEXTROSE AND MALTOSE CONTENTS OF 


and storage life of confectionery and other food products containing it. It is therefore a dis- < 


pavantage that the P tee content of the individual sugars is not indicated by the conventional in 


glucose, Bryant and Jones! obtained figures by a bakers’ yeast fermentation method. Schultz, 
Fisher, Atkins and Frey* obtained widely differing results when they analysed a number of starch of 
hydrolysates by a double-fermentation method and by a chemical method, and Fetzer, Evans .c 
and Longenecker* described a method depending on the initial enzymic transformation of dextrin _ 

o maltose and the subsequent determination of optical rotation. It has been shown by paper 
hromatography* that such classical methods of sugar analysis usually give high results. The 


lextrose figures may not be far from the truth, but the —- for maltose can be as much 


! nternational Commission on Uniform Methods of Sugar ramonay and it ities that th 
Hextrose and maltose contents, obtained by this method, of some samples of typical liquid glucose : 
would be of interest. We are indebted to three of the leading British manufacturers of — 
glucose for providing us with samples for the purpose and for supplying all the information in 
Table I other than the carbohydrate contents. 

_ After each analysis, the remnants of the dextrose and maltose eluates were evaporated to : 


sma!l volume under reduced pressure and submitted to paper chromatography. The — = 


faccharides were also eluted from the column by 50 per cent. ethanol and treated similarly. The — 
paper chromatograms showed that in every instance both trose and maltose were pure and aM sox lox 
eluted from the carbon colum Jo wor 


Confectioners’ (acid conversion) _ (820 146 106 6 
Intermediate dextrose "equivalent 


43° Baumé (acid conversion) .. 83-2 10-9 0 
43-5° Baumé (acid conversion) jig 43-5 55-5 279 43-0 


— ‘Percentage by weight ‘of oe sugars, calculated as as dextrose, ona a dry basis. pecs 


cribed 
oughlys 
— 
There are many references in the literature to the dextrose and maltose contents of liquid _ 
— 
| 
ype. 
— 
even these can be subject to considerable errors. = | 
Patterson and Savage’s carbon-column method*® was adopted as the tentative method 
— 
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oe We thank Miss M. odie for carrying out the determinations and the Acti ag Governmen 
Chemist for permission to ‘publish this Metts me tee 
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THE DETERMINATION OF IRON TIN OF 9 994 999 ) PER CENT. PURITY 


necessary to determine the iron pure tin in the range 
+ 0-5 to 5 p.p.m., but it was found that normal methods!.*.? were inadequate. In determining 
_ certain impurities in tin, advantage is taken of the fact that tin bromide is volatile and can thus RE 
_ be readily removed. The obvious method, therefore, for extending the range of the procedures 
; _ for determining iron to cover lower ranges of iron contents would be to use larger weights off de 
_ sample, but these weights require larger amounts of reagents for solution, and a point is Soon | 
reached at which the blank solution contains considerably more iron than does the sample. — For 
example, when the iron in a 10-g sample is determined as thiocyanate and the reagents used 
are of the best quality available, the reagent blank is equivalent to about 10 p.p.m. of iron. Toff 
_ increase the accuracy of this method, therefore, purification of the reagents was essential. Whenfjp; 
_ _ this was carried out the blank value was reduced to 0-7 p.p.m. of ir 


on. 


2 TAL 
EXPERIMENTAL 


‘pure enough for our purpose, 0-2 to 0- p. p. m. w/v of iron, , but the acidg 
and bromine would introduce substantial amounts of iron. These three reagents were at first], 
purified by distillation, which, for hydrobromic acid, had to be carried out under reduced pressure 

it was later found that hydrochloric and he pees acids could be sufficiently purified by§j , 
Hydrochloric acid—The hydrochloric acid was passed through a 7-inch x columngi 
of Amberlite IRA-400 resin at the rate of about 25 ml per minute, and the first 200 ml of effluenti; 
= rejected. The resin can be regenerated after use by washing with dilute hydrochloric§ ; 
_ To ascertain which form of iron was most easily removed, amounts of ferrous and ferric iron 
- equivalent to 10 p.p.m. w/v were added to portions of the hydrochloric acid, and the solutions 
_ were passed through the column . After treatment, the acid to which ferrous iron had been added 
_ contained 0-1, 0-08 and 0-09 p.p.m. w/v of iron and that to which ferric iron had been added 
- contained 0- 09, 0-08 and 0-06 p.p.m. w/v, i.e., both ferrous and ferric forms were removed to the 


column described above, a glass-wool plug being used to prevent the resin from Soating: as with : 
. hydrochloric acid, the first 200 ml of effluent were rejected. | The: resin can be an be regenerated after | 
use washing with dilute hydrobromic acid (1 + 9) : 
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be & _ The reagents used in appreciable amounts were concentrated hydrochloric and hydrobromic§ y 
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To test the purification procedure, amounts of ferrous and ferric iron ron equivalent to 10 p.p.n 


w/v were added to portions of the hydrobromic acid, and the solutions were passed through the 
column. After treatment, the acid to which ferrous iron had been added contained 0-7, 0-8 and : 
15 p.p. m. w/v of iron, whereas that to which ferric iron had been added contained 0-1, 0-1 and 0-1 
p.p.m. w/v of iron; iron was therefore most easily removed in the ferric state. In all subsequent - + 
purifications of hydrobromic acid, 1 drop of bromine per litre was added before passage through S 
thecolumn. Analytical-reagent grade hydrobromic acid was found to contain from 1-0 to 1-5 p.p.m. 
w/v of iron; after passage through the ion-exchange resin, this value was reduced to 0-1 p.p.m. w/v. 


aa " Bromine— —Analytical-reagent grade bromine containing between 1-0 and 1:5 p.p.m. w/v of 
was purified by ‘distillation from an all-glass" er which it contained 
p.p.m. w/v of iron. 4 


ARCH In most of the methods described for the neti of tin, a mixture of hydrobromic eal 
SO; Mil and bromine is used. _ Tin is generally removed i in one evaporation, but sometimes a large residue 
is left. This residue is extremely difficult to remove, and several treatments with hydrobromic 
acid and subsequent evaporations are often needed to effect complete removal of tin. However, 


8th, 195984 mixture of hydrochloric acid, hydrobromic acid and bromine will successfully remove the tin fa 


he range Clean all glassware hot hydrochloric acid, and with distilled water. 


oceduresf = In addition to concentrated hydrochloric and hydrobromic acids ae. bromine, purified as 


dle. . Ammonium persulphate solution, 1 per cent. w/v. 


_. __ Prepare the sample in a convenient form by melting the tin in a flame and staves the molten 


metal to drip into a large glazed-porcelain evaporating basin from a height such that thin sheets 
«Weigh 10 g of sample into a 150-ml beaker, add 20 ml of concentrated hydrochloric acid, and 7 
| ___ithen add, with cooling, a mixture of 25 ml of concentrated hydrobromic acid and 15 ml of bromine. 
robromiq Warm gently, if necessary, to complete solution of tin, cover the beaker with a watch-glass, place af 
‘s almost on a hot- ~plate, and allow to evaporate. When almost dry, remove the beaker from the hot- -plate, : 
omic acid take off the watch- -glass, and allow the fumes of tin to escape. Aiea bd the residue must not 


e at baked at this stage otherwise it is rendered difficult to dissolve. 
tified byf _ Add 5 ml of diluted hydrochloric acid (1 + 4), cover with the watch- -glass, and donicatlats 


1 We wh the solution to half its volume. Cool, add 0-5 ml each of 10 per cent. ammonium thiocyanate — 

solution and 1 per cent. ammonium persulphate solution, and dilute to 10 ml with water in a 4 
" ‘colum calibrated flask. Measure the optical density of the solution in 1-cm cells with a Spekker absorp- . 
of effluent tiometer fitted with Ilford No. 603 filters. Carry out a blank determination on the reagents, and 


Prepare a calibration graph i in the usual er. The graph corresponds { to the equation— 


ferric iron 


solutions ‘Tron present, Pp. = x 0-09. 

—_— _ §| The iron content of a sample was determined in triplicate by four different operators, the 


mean result being 0-75 p.p.m. The same sample, after the addition of the equivalent of 2 p.p.m. 


exchange 
of iron as a solution, was again, analysed in triplicate by four different operators; the mean of 


as with 
ated afterf 


the results was 2-6 p.p.m. . of iron. The obtained, with the blank values, are 
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Bach result for iron ‘content is corrected for t the mean n blank value fs 
Iron content of sample 
Bis “5 
(0-65 
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Greenford, Middlesex, 1954, p. 10. 
2 . “A.S.T.M. Methods for Chemical Analysis of Metals,” ' American Society for Testing Materials, 
{ Philadelphia, U.S.A., 1956, p. 493. 
3. Naish, W. A., Clennell, J. E., and Ringeweed, “4 s. “Select 3 Methods of Metallurgical Analysis,” 
Second Edition, Chapman Hall Ltd., London, 1953, p.299., 
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Book Reviews 
METHODS OF INCLUDING PHOTOMETRIC METHODS. Volume TIA. 


Foster Dez SNELL, Ph.D., ‘and CoRNELIA T. SNELL, Ph. D. Pp. x + 793. Princeton, 
uml N.J., New York, Toronto and London: D. Van Nostrand Co. Inc. 1959. Price $15.00; 


"The current third ird edition (1948-1954) of Snells’ “ “Colorimetric Methods of Analysis” is a four- 
volume work, and this book is a supplement to Volume II (reviewed Analyst, 1951, 76, 183) 
covering up to January, (1956. _ There are 68 chapters, , each dealing with an element or radicle, 
and, in general, the details of methods are preceded by descriptive matter relating to the | pre- 
_ liminary treatment of various materials likely to be investigated. _ Naturally and rightly, the plan 

of the original book has been maintained, with some improvement in the guidance given to bee 


__‘The scope of the subject has been extended to cover the colour of flames, but it is perhaps 


ame if this expansion is justified, because in the opinion of the reviewer the subject 


of flame photometry needs more extended treatment if the account of its applications is to be 
_of practical value to those not already initiated in this subject. It may be that flame photometry 
has been included because, as stated, the American Society for Testing Materials has tentatively 
Breese the technique for the determination of sodium and potassium in cement, and the method 


“to transcribe from American sources; notwithstanding the impressive and extremely useful 
coverage of the world’s literature there does not appear to be any mention of the many colorimetric 
3 methods incorporated in the British Standards of the B.S.I., which would have been helpful for 
readers in this country and the Commonwealth. oT, OF 
Compared with the magnitude of the work before us these are but minor details, because, 
:- in fact, each page bears the imprint of careful and concentrated ‘Study. . a _ ‘The book can be recom- 
mended as a useful addition to the to the library o of every analyst. 
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PREC “PITA ION FROM HoMOGENEOUS SOLUTION. _By Louts Gorpo 


and Hopart H. _ Pp. viii + 187. New 
- ‘London: Chapman and Hall Ltd. 1959. Price $7. 50; 6 : ; is 
_ This book has been written by the three chemists who have Teast most to the ieltindet ay 
i of precipitation from homogeneous solution, an idea known for a long time but not used to any 


by his work t with I Dr. Tang on the precipitation of aluminium i ions asa basic salt by means of urea. 
Sa he essence of the method is that the precipitant s hould be generated slowly by a | chemical — 
reaction within the solution. _ The precipitate also, as a consequence, is formed slowly and in a ay 


y that often eliminates the undesirable effects frequently found in a conventional precipitation.. s 


of particle size, compactness, ease of filtering and washing and greater purity. The best-known 
example is the use of urea to generate ammonia on heating the solution and so produce a gradual — 
increase in pH and controlled precipitation of hydrated oxides, basic salts, oxalates and the like. _ a 
=| The book covers the existing literature of this field and, after an introduction, deals in six is 


Methods of the in solution ‘and pe for « a range 
of ions, mainly cations, are detailed with appropriate references to the literature. Many of the ee 
procedures given will save the reader the trouble of going to original papers should he want to ie ae 
try a method for himself. Numerical results showing how precipitation from homogeneous 
solution can provide effective separations of one ion from another are also quoted. These separa- 
tions are often so much cleaner than those obtained by conventional methods that re-precipitation — 


_ Many analysts will want to know how some of these methods behave in the presence of the 

relatively high concentrations of sodium or potassium ions necessarily introduced in a solution — 

when an alkali fusion of a sample has to > replace an acid attack. Homogeneous precipitation 

demands a close control of conditions, and it is possible that such high concentrations of alkali _ 

ions would introduce serious difficulties in its application. The data presented in the various — 

_" give little help on this point, the effect of sodium or potassium ions being seldom mentioned. 


its various aspects and with fractional precipitation, which is shown to be improved by applying © 
the technique of precipitation from homogeneous solution, a greater yield of product of desired 
[purity being obtained with fewer fractionations than are required by conventional methods 
$15. 00; 
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UTILISEE AU LABORATOIRE pu SERVICE DE G&OLOGIE ET DE PROSPECTION MINI#RE DE 
By B. Martinet, Ing. chim. 26. Dakar, French East Africa: Haut 
_ The methods of analysis are designed to assist geological studies sa are therefore limited © 
mainly to the major mineral constituents. In the choice of methods particular attention has been _ 
given to simplicity and convenience in dealing with thousands of samples perannum. Most of the 7 
methods are similar to those in current British practice. . The descriptions are precise and up to date. 4 
| Titration with EDTA is used for calcium and magnesium and indirectly for sulphate after a 
adding e2 xcess of barium chloride. — Some doubt might be expressed about its accuracy for mag- 
nesium or for sulphate when the amounts present are small in relation to the calcium, as they so " 
An interesting investigation is described of an improved complexometric-titration method 


for calcium and for sulphate with calcein as the indicator (compare —* 1967, 82, 285); un-— 


‘The book is well-written with a only a few misprints, but the ‘Practice of avoiding as 1 rie 
hyphens as possible leads to ‘such odd- looking ‘words as “‘preignition”’ and ‘reignite. The 
asked seems a lot to pay for 187 pages of information much of which is available in the literature. ‘ 
Even so, the volume contains in a convenient form a great deal that will be interesting and useful - me . 
to those who still believe in precipitation as an indispensable part of chemical analysis. — “May 
the authors’ hope that the information contained in their book will not only lead to greater applica- : 
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Aciws. ‘Edited t by H. M. Srncratr. Pp. xviii + 268. Butterworths 


‘Scientific ‘Publications; New Yi ork: Academic Press Inc. 1958. Price 50s. $9. 50. 


4 ‘This book contains the Proceedings of the Fourth International Conference on Biochemiall 


_ Problems of Lipids, held in Oxford in July, 1957. The first two conferences on this subject were 
_ of a rather general character, but the third, held i in Brussels in 1956, dealt with a particular subject 
The Blood Lipids and The Clearing » Factor. _ The fourth conference continued this policy anda 
discussed The Essential Fatty Acids, ‘that is, those fatty acids of a polyunsaturated nature tha r 
de been shown to lead to a major decrease in plasma cholesterol | when the Ly for ; 
_ The conference was divided into six sessions, and of ‘these the first two wo dealt largely with 
problems of determining polyunsaturated fatty acids, There were papers on determinations by ry 
4 gas chromatography, by alkali isomerisation, by the use of near-infra-red spectra and by anim 
- enzymatic method. The separation of cis-cis-linoleic acid from its geometric isomers is discussed sy 
methods considered including one of isotopic dilution; and dialysis through a rubber membrane 
is suggested for the isolation of phospholipids. — - There are reports of work undertaken to establish 
‘the composition of fish oils, comparing methods now available with those | of twenty years ago, 
a An excellent summary of the present position of this analytical work is given by J. F. Mead, 
R. T. Holman, A. T. James, P. N. Williams and J. A. Lovern. _ The remainder of the book, almost 
three-quarters of the whole, is concerned with the absorption and distribution of the polyumg™ 


saturated fatty acids in animals and their biochemical functions. Py KA. Wititams 
7 JOURNAL OF ELECTROANALYTICAL CHEMISTRY. Volume 1, No. 1, August, t, 1959. Edited | 


_ G, Cuartot, J. O’M. BockRris and C. N. Remiey. Pp. vi + 100. Amsterdam: Elsevier 
Publishing Company. Subscription price 125s.; $17.50; Dfl. 66. 50 per volume. 


Tue C OPERATION OF STERILISING AUTOCLAVES. A Symposium held at Brighton Technical Collegem® . 
School of Pharmacy on May 9th, 1959. it ii 45. London: The Pharmaceutical 


INTERNATIONAL CONFERENCE ‘oN Co- ORDINATION CHEMISTRY: London, April 6th-llth, 19659, 


jem - Organised by the Chemical Society under the sponsorship of the International Union of 
and Applied Chemistry. Special Publication No. 13. 13. Pp. iv Londonj 
The ¢ Chemical Society. 1 1959. Price 42s.; $6. 00. 
GrowtH. Discussions of the Faraday Society. No. 5, 1949. Pp. 366. Londe 
RS. Vol. 1. Pp Pp. x 
1959. ‘Price $12. 50. 
Deroxication MECHANISMS. R. Tecwyn WILLIAMs, Ph. D., D. Se. Second Edition. Pp. 
ers} 796. London: Chapman & Hall Ltd. 1959. Price 126s 222 a 
Metabolism and Detoxication of Drugs, Toxic Substances and Other Organic Compounds 
‘Sees PHARMACEUTICAL CopEx, 1959. Published by direction of the Council of the . Pharm : 
ceutical Society of Great Britain. xxx + 1301. London: The Pharmaceutical 


REPORT OF THE ANALYTICAL METHODS COMMITTEE: 


‘THE Report | prepared by the Vitamin-E Panel, “The Determination of Tocopherols in Oils, 
Foods and Feeding Stuffs,’’ reprinted from The Analvst, June, 1959, 84, 356-372, is nowy 
available from the Secretary, The Society for Analytical Chemistry, 14 Belgrave Squarey™ 
London, S.W. Lay to members, Is. 6d. each; to non- members, 2s. 6d.each <7 
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